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PREFACE. 



The following short collection of papers includes all that 
I have written of an original character on electrotechnical 
subjects. Here and there errors have been corrected; 
otherwise the papers are republished exactly as they 
first appeared. The chronological order is not strictly 
adhered to. The papers are arranged rather according to 
subject. Thus, five papers relating wholly or in part to the 
continuous current dynamo come first; then follow four 
on converters ; lastly, there are a note on the theory of al- 
ternate current machines and a paper on the applications 
of electricity to lighthouses. 

The motive of this publication has been that I have 
understood that one or two of these papers are out of 
print and are not so accessible to American readers as an 
author who very greatly values the good opinion of Ameri- 
can electrical engineers would desire. 

J. HOPKINSOK. 

London, September, 1892. 
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ON ELECTRIC LIGHTING. 



DuBiNO the last year much has been written and much 
information communicated concerning the production of 
light from mechanical power by means of an electric cur- 
rent. The major portion of what has appeared haa been 
either descriptive of particular machines for producing the 
onrrent, and of lamps for manifesting a portion of its 
Btiergy as light, or a statement of practical results con- 
necting the light obtained with the power applied and the 
jnonej expended in producing it. 

While fully appreciating the present value of such in- 
formation, the author has felt that it did not tell all that 
interesting or practically useful to know. It is de- 
ifiirable to know what the various machines can do with 
Taried and known resistances in the circuit, and with va- 
ried Bpeeds of rotation: and what amount of power is 
absorbed in each case. It is a question of interest whether 
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a macliiiie inteucled for one light can or cannot prodace 
two in the same circuit, and if not, why not; whether 
machine such as the Wallace-Farmer, intended as it is for- 
many lights, will give economical results when naed fOT 
one; and eo on. It is clear that the attempt to exaamio< 
all separate combinations of eo many variables would be 
hopeless, and that the work must be systematiz 

The mechanical energy communicated by the steam on-* 
gine or other motor is not immediately converted into the 
energy of heat, but is first converted into the energy ot 
an electric current in a conducting circuit; of this a 
portion only becomes localized as heat between the car- 
boD8 of the electric arc; and of this again a part only be- 
comes sensible to the eye as light. The whole of what wo 
need to know may be more easily ascertained and more 
shortly expressed if the inquiry is divided into two parte:- 
{a) What current will a machine produce under vanons: 
conditions of circuit, aud at what expenditure of mechani-- 
cal power? (6) Having given the electric conditions undec 
which the arc is placed, no matter how these conditim 
are produced, what light will he obtained therefrom! 
Parts of the subject have been treated more or less in thii 
sense by }<:.d\imi {Pogg. Aim., 1867 and ISUS), HoustoS 
and Thomson in America, Mascart (Journal de Phf/sigm 
March, 1878), Ahney (Proceedings of the Royal Bocist^^ 
1878), Trowbridge (Philosophical Magazine, March, 1879)^ 
Schwendler (Renort on Electric Light Experiments), etc 
but not BO completely that nothing remains to he done;: 
nor does the an'hor doubt that a great deal of information 
t is in the hands of makers of machines, which they have 
tjiought it necessary to make known. The i 
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"communication ia limited to an account of some experi- 
ments on tlie prodiiction of currents bya Siemens medium- 
sized machine; that ia, the machine which is advertised to 
produce a light of 6,000 candles by an expenditure of 3^ 
horse power. 

All the machines for converting mechanical power into 
an electric current consist ultimately of a conducting wire 
moving in a magnetic field; and approximately the elec- 
tromotive force of the machine will he proportional to the 
velocity with which the circuit moves through the lield, 
andto the intensity of the field. In general the intensity 
of the field is not constant; and in such machines as the 
Siemens and the ordinary Gramme machine it may be re- 
garded as a function of the current passing. We must 
learn what this function is for the machine in question; 
or^wliich comes to exactly the same thing, and is better 
so long aa the facts are merely the result of experiment — 
we must construct a curve in which the abscissae represent 
the intensities of currents passing, and the ordinates the 
corresponding electromotive forces for a given speed of 
rotation. But the power of a current, that is, its energy 
per second, is the product of the electromotive force and 
the intensity, or, in the case of the curve, the product of 
the ordinate and the abscissa; this is in all cases leas than 
the power required to drive the machine, and the ratio be- 
tween the two may fairly be called the efficiency of the 
machine. 

The object of the inquiry may perhaps he made clearer 
by an illustration. Consider the case of a pump forcing 
water through a pipe against friction ; then the electric 
current corresponds to the volume of water passing per 
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second, and the electromotive force to the difEerence ol 
pressure on the two eidea of the pump; and just a& thi 
product of pressure and volume per second is power, sj 
the product of electromotive force and current is powes 
which is directly comparable with the power expended im 
driving the machine or the pump, as the case may hS 
The peculiarity of the so-called dynamo -electric machiiM 
lies in this, that what corresponds to the difference cj 
pressure (the electromotive force) depends directly tM 
what corresponds to the volume passing (the current). 1 

Each experiment requires the determination of tin 
speed, the driving power, the resistances in circuit, KOS 
the oniTent paesing; or of the difEerence of potential bd 
tween the two ends of a known resistance of the circuit, I 

The apparatus employed by the author was arrangecH 
not alone with an aim to accuracy, but in part to make uii 
of such instruments as he happened to possess or COOH 
easily construct, and in part with a view to ready erecti^ 
and transportation. Much more accurate results may Im 
obtained by any one who will arrange apparatus with a ain^ 
aim to attain the greatest accuracy possible. The authora 
apparatus will, however, be briefly described, that othefl 
may form their own opinion of the importance of the '« 
riouB sources of error. fl 

The speed counter was that supplied with the elects 
machine. W 

Concerning the steam engine nothing need be aaid, aafl 

that ita speed was maintained very constant by means ofi 

governor, shown in Fig, 1, specially arranged for grad 

sensibility. By placing the joint A above the joint B, iM 

^Btmd of below it, as in Porter's govemor, any < 
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senBibility up to instability m ij be obtained Ihe epeed 
"Was varied by means of a weight and a spring attached to 
lever on the throttle valve 
The ungainly ap 
,nee of this governor could 
bo remedied by any iik 
iroposing to manufacture it 
The power is transmitted 
im the engine to a counter 
,ft by means of a strap, and 
a second strap from the 
luntershaft to the pulley of 
electric machine. Ou this 
second strap is the dynamom 
eter sliown in Fig. 2. 

This dynamometer has for some time been used by 

MeBsrs. Siemens, and was also used by Mr. Schwendler; its 

ivention is due to Herr vou Hefuer-Alteueck. A is the 

driving pulley; B the pulley of the electric machine; CC 

are a pair of loose pulleys between which the strap passes; 

these are carried in a double triaugular frame, which can 

tnm about a bar D, This bar might form part of a per- 

inent structure; bat in order to place the dynamometer 

ladily on any strap, the bar was in this case provided with 

'ea at, either end, and secured in position by six or eight 

ipea. This plan answers well, as there is very little stress 

the bar. Immediately above the pulleys CC a cord 

Is from the frame through a Salter spring balance over 

itch blocks to a back balance weight; the tension of this 

ird is read on the spring balance. At first the spring 

-ace was omitted, and the weight at the end of the cord 
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was obeerved ; but the friction of the snatch block pulleys 
waB found objectionable. The pulley frame carries a 
pointer, which is adjusted bo as to coincide with a datum 
mark when the line A B bisects the distance between the 
loose pulleys. Let W be the tension of the cord required 
to bring the pulley frame to its standard position when no 
work ia being transmitted, W" the tension which is 
required to bring the pointer back to the datum mark when 
an observation is made, and let W=W' — W". Let 
y, T" be the tensions on the tight and slack halves of the 
strap; E^, R^, r the radii of the pulleys A, B and C, plus 
half the thickness of the strap; c,,<:^ the distances A J, 
J B; 2(f the distance apart of the centres C, C; a,, a, the 
inclinations of the two parts of the strap, on either aide of 
C, 0, to the line A B. Then 
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^■and 

^^Brery nearly. 

^^p The valae of T' — T" and the velocity of rotation of the 

^^ electric machine being known, tlie power received by it is 

readily obtained, expressed in gram-centimetres per second. 

Multiplying by 981, the value of gravity in centimetres 

and seconds, the power is then expressed in ergs* per 



— 2"') (sin a^ -j- sin a^ = \ 
_ R, + r — d d (R, + r 
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Becond, and is ready for comparison with the results of thft 
electrical experiments. 

Ah already stated, the dynamo-electric machine in th( 
present case was a Siemens medium size; the armature co3 
has flfty-six divisions, and the brushes are single, not 
divided, that is, each brush is in counection with on« 
segment of the commntator at any instant. 

The leading wire is 100 yards of Siemens No. 90, con- 
dsting of seven copper wires, insulated with tape and indii 
rubber, and having a diameter of about 9i mm. 

The method of determining the current is shown in thfl 
diagram. Fig. 3. The current is conveyed from til 
machine A through a set of coils of brass wire c, and i 
' some cases through a resistance coil placed in a calorimetei 
B, and so back to the machine, the connections beinj 
made through cups of mercury excavated in a piece ol 
wood D. The current passing may be ascertained by thi 
heating of tlie calorimeter, or by measuring the diSerenof 
of potential at the extremities of the resistance c, all tiuf 
resistances of the circuit being supposed known. Thii 
difference of potential could of course be very eae 
measured by means of a quadrant electrometer; bat, at 
the instrument had to be frequently removed, a galrft 
nometer appeared more convenient. The two points to be 
measured are connected to the ends of two series of reeistr 
ance coils n, b. The galvanometer ff is placed in a second 
derived current, passing from a junction in ab through i 
battery H, then through a sot of high resistances J foi 
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sdjmtdiig 

(I, liie r ew nw ig ftrr K-. 
oib. The 

the ruiBtuee i n Oa tkc 
IB niL 
The 
branwire, eadi 
driven into % 
about 60 

gauge (.06 inch or 1^ bi 
grama per metre. "EmA 
mercury excaTat«d in the h awh a m d, is tksl tbe eofls can 
be placed in series or in panlM tatont aS fifBiire. The 
resistance of each eoO bei^ aboat 3 aiiBe, Ais set mar be 
arranged to give resistances lai^ii^ tsmm 0.3 to 30 ohms. 
The calorimeter ^ is a j ^mim i fijii^ilii with the 1 
ecalo removed: a reeistauice cwl of i 
eilver wire nearly 3 m. long. IJ i 
baring a resistance of about O.^ ohm. is inspcnded 1 
it from an ebouite cover, which also carries a Utile 1 
stirrer, and the calorimeter is filled with water to a 1 
determined by the mark of a scriber. It was of i 
neceaaary to know the capacity of the calorimeter forli 
It wwi iil]<id with warm water up to the mark, and tfa6 4 
placed in poaitiuii; l'.>0 grams of wnter were llieaii 
drawn, and the tomporature of the calorimeter i 
WTTod to bo 58.8" C; after the iap^e of one minute it A 
, ff&.V* C; after a second niitmtc 57.9^ C; IM i 

water, tiMripcriitiirc 13.3" C. were then EuddenI; | 
cd through u hole in the ebonite cover, and itV 
(bat, two minutea aftor the reading of 57.9° 0.,' 
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bemperature was 50.0° C. ; hence we may iiif er that the 
capacity of the calorimeter is equal to that of 740 grama of 
water. Two similar experiments at lower temjieratures 
gave respectively the numbers 749 and 750. Estimating 
the capacity from the weight of the copper cylinder sup- 
plied with the pyrometer, it should be 747, to which must 
be added the capacity of the German silver wire and 
stirrer. Taking everything into conai deration, 750 grama 
may be assumed as the most probable result. 

The resistance coils a, h are of German silver, made by 
Messrs. Elliott Brothers; they are on the binary scale from 
\ ohm to 1,024 ohms. Separate coils were used, instead of 
a regular resistance box, because they were more readily 
applicable to any other purpose for which they might he 
required; and the binary scale was adopted, because the 
coils could at once be used as conductivity coils in parallel 
circuit, also on the binary scale. Each coil as supplied 
terminated in two stout copper legs; these were fitted with 
caps of india rubber tubing for mercury, whereby any con- 
nections whatever could readily be made. This arrange- 
ment, though rude, was very convenient, and perhaps even 
safer from error than a box with brass plugs to make the 
connections. By a slight alteration of the connections the 
whole was instantly avadable as a Wheatstone bridge to 
determine resistances. 

The battery if is a single element of Daniell's battery, 
in which the sulphate of zinc solution floats on the sul- 
phate of copper; its electromotive force is assumed to be 
\ volt. 

The resistances J added in the battery circuit are pencil 
lines on glass, such as are described in the FhilosophiceU 
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Magazine of February, 1879. Three were used, giving ■ 
range of fletisibility approximately in the proportions 1, !" 
170, TOO — the last figure being when all were short o 
caited; they are very useful in adjusting the resistance 4 
BO as to give no deflection of the galvanometer. 

The reversing key A' belongs to Sir W. Thomson's eleil 
trometer, and is quite suitable when high resistanoea i 
nil methods are nsed. 

The galvanometer G is far more Benaitlve than n 
and has a resistance of 7,000 ohms. 

Preliminary to experiments on the current, dete 
tions of resistances were made. The resistance of i 
brass coil c was firet determined, to afford the means % 
calculating the value of this resistance in any snbseqaai 
experiment. When the ten coils were coupled in p 
circnit, the calculated resistance was 0.39 ohm, whUe 0.%'^ 
was obtained by direct measurement. The leading i 
was then examined; the further ends being disconneota 
the insulation resistance was found to be over C0,000 oh] 
how much over, it was immaterial to learn, 
ends of the wire were connected, the resistance was for 
to be 0.139 ohm. The resistances in the dynamo-eleot^ 
machine A were found to be as follows wiien cold: magi 
coils, 0.156 and 0.152 respectively; armature coil, 0.33^ 
total, 0.633 ohm. Direct examination was made c 
whole machine in eight positions of the commatat^ 
giving 0.643 ohm, with a maximum variation of 0.6 j 
cent, from the mean. After running the machine : 

6 time the resistance was found to be 0. 683, an inoi 

which would be accoimted for by a rise of temperature i 

I 12° C or thereabouts. The resistance of the calorimeti 
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B is 0.20 ohm, without ita leading wire, which may bo 
taken as 0.01. We have then in circuit three resistances 
which most bo considered: (1) The resistance of the 
machine A and leading wire, assumed throughont as 
together 0.81 ohm, and denoted bye,; (2) the resistance 
of the brass coils c, calculated from the several determina- 
tions, with the addition of 0.02 ohm, the resistance of the 
leading wire, and denoted by c,; (3) when present, the 
resistance of the calorimeter B and leading wire, denoted 
by c,. 

Two approximate corrections were employed, and should 
be detailed. The first is the coiTection for the consider- 
able lieating of the resistance coils c. These were arranged 
in two seta of five each, five being in parallel circuit, and 
the two sets in series. The current from the machine, 
being about 7.4 webers in each wire, was passed for three 
or four minutes; the circuit wsii then broken, and the 
resistance c, was determined within one second of breaking 
circuit, when it was found to be about 5 per cent, greater 
than when cold. As the resistance was falling, the follow- 
ing was adopted as a rule of correction: square the current 
in a single wire, and increase the resistance c, by -^ per 
cent, for every unit in the square. The second correction 
is due to the fact that the calorimeter was losing beat all 
the time it was being nsed. It was assumed that it loses 
0,01° C. per minute for every 1° C. by which the tempera- 
ture of the calorimeter excuods that of the air; this cor- 
rection is of course baaed on the experiment already 
mentioned. 

The method of calculation may now he explained; — 
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R is the total reeistance of the pircoit in ohms, equal t 

', + '. + '.; 

Q is the current passing in webers; 
a is the electromotive force round the circuit in volts; 
W, ia the work per second converted into heat in tin 
circuit, as determincil by the galvanometer, measure 
in erg-tens per secomi ; 
W, is the worlc per second as determined by tha 

calorimeter; 
W, ia the work per second aa determined by the dyi 
mometer, lees the power required to drive the machi 
when the circuit ia open; 
/f /* is tlie equivalent of W, in horae power; 
n ia the number of revolutions per minute of thfl 

armature, 
Aa already mentioned, the standard reaistance coila a, ■ 
are adjusted in each ej:perimeot so that the galvanometq 
gives no deflection, and the value of b ia then note 
The values of c,, c,, e, are known from previous obeerva 
tiona. Then 



« + *, 



I 



--QxR, 



nethBiiioal eqiiivalcni 



The results of the experiments are given in the accoi 
panying table. 
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A power of 0,21 erg-ten, or 0.38 horse power, was re- 
quired to drive the machine at 7'iO revolutions on open 
circuit. An examination of the table shows that tbe 
efficiency of the machine ia about 90 per cent,, escluaive 
of friction. Comparing experiments 11 and 13, and also 
the last four experiments, it is seen that the electromotive 
force is proportional to the speed of rotation within the 
errors of observation. Esperiments 14, 15, and 16 were 
intended to ascertain the effect of displacing the com- 
mutator brushes. 

The principal object of the experiments was to ascertain 
how the electromotive force depended on the current. 
This relation is represented by the curve shown in Fig. i, 



Fib. J.— CiinV6 »w Foncu and Cuhrkkt. 

in which the absciesffi represent the currents flowing, or the 
values of Q in the table, and the ordinates the electro- 
motive forces, or the values of U reduced to a speed of 7S0 
revolutions per minute. The curve may also be taken to 
represent the inteneity of tlie magnetic field. It will be 
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remarked that there is a point of inflection in the curve 
somewhere near the origin. The experiments 1 to 5 indi- 
cate that this ia the true form of the curve, and it is con- 
firmed in a remarkable manner by a speeial experiment. 
A resistance intermediate between 5J and 4 {experiments 
3 and 4) was used in circuit, and E and Q were determined 
in two different ways: first, by starting with an oi>en 
circuit, which was then closed ; secondly, by starting with 
a portion of the resistance short circuited, and a very 
powerful current passing, and then breaking the short 
circuit. It was found that E and Q were four times as 
great in the latter case as in the former. Unfortunately 
the numbers are not sufficiently accurate to ho given, as 
the solutions of the standard battery had become mixed. 

The curve really gives a great deal more information 
than appears at first sight. It will determine what current 
will flow at any given speed of rotation of the machine, 
and under any conditions of the circuit, whether of resist- 
ancea or of opposed electromotive forces. It will also give 
very approximate indications of the corresponding curve 
for other machines of the same configuration, but in which 
the number of times the wire passes round the electro- 
magnet or the armature is different. 

It will be well to compare these results with those 
obtained by others. M. Mascart worked on u Gramme 
machine with comparatively low currente: he represents 
his results approximately by the formula 

E=n[a + bQ), 

where a and 6 are constants. This corresponds to the 
rapidly rising part of the curve io Fig. 4. Mr. Trowbridge 
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with a Siemens nifichine obtained a maximum efficiency (d 
*fi per cent, and Htatea that the machine waa mnnii 
l)eIow its normal velocity. Mr. Schwendler's results, whi 
fiilly published, will probably be found to be the mo 
complete and most accurate existing. In the precis ] 
atutes^ tiiat the loss of power with a Siemens machine ii 
producing currents of over 20 webers is 12 per ceni 
Now, taking the author's experiments 4 to 19, the me 
value of W, is 3.027 erg-tens and of H', 3.304; adding- 
the latter 0.21, the power required to drive the maohi 
when no current passes, it appears that 13.8 per cent. 
the power applied is wasted. Again, taking experimenl 
4, 6, 8, 10, and 12, the mean value of W, is 2.888 erg-te 
and of W, 3,076, indicating a waste of power amounting 
12 per cent. Of this, as already stated, 0,21 erg-ten, 
0.28 horse power, is accounted for by friction of th 
journals and commutator brush; the remainder is el 
pended in local currents, or by loss of kinetic energy ( 
current when sparks occur at the commutator. 

According to Weber's theory of induced magnetism, i 
set forth in Maxwell's "Electricity and Magnetism^' 
vol. II., if J.' be the magnetizing force and / the intensif 
of magnetization, 

/= T^TT) until Xriaes to the value b. 



and 



= a 1- 



1 6M 



ifX>* 



whore n and b are constants. We should naturally expect 

hat a similar formula would be approximately applicable 

dynamo-electric machines. 
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In the present experiments, let 1 be the electromotive 
force, X the current passing, and assume a to be 60 and b 
to be 15; we then obtain reaulta not far from those of 
experiment. The capacity of any continuous current 
machine may thus be shortly stated by giving the values of 
a and b; or, which comes to the same thing, by stating the 
electromotive force at a given speed when the current is 
as great as possible, and also the total resistance through 
which the machine will exert an electromotive force two- 
thirds of this greatest electromotive force. To this should 
be added a statement of the resistance of the machine, 
and of the power it absorbs, with known conditions of the 
circuit. 

The author has not yet tried any quantitative experi- 
ments with the electric light, but hopes shortly to do so. 
In the meantime he would remark that, as the lamp is 
usually adjusted, only half the energy of the current 
appears in the arc, or 44 per cent, of the energy trans- 
mitted to the machine by the strap. 

In conclusion the author would express the obligation 
he is under to Messrs. Chance Brothers & Co., on account 
of the facilities he has enjoyed for making these experi- 
ments at their works. It may be mentioned that one 
principal object of the research of which this is a beginning 
is to pbtain a minute knowledge of the electric light, with 
a view to lighthouse illumination. 



1 
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^M SECOND PAPEH. ^M 

H Dffnanw-Electric J/ocAiVw^ji.— Since the date of th^f 
^1 author's former paper in April, 1B79, other observers h&v^| 
^1 published the results of experiments similar to those d^H 
^K scribed by him. It may be well to exhibit some of these^^l 


■ , 
















-JuJ" 








1 — I 


1 


' ; 








J 




i- 


J-= 


^ 




— 


— 




r-- 


r 










-^ 




















fc™ 










' 




















w 






/ 




























f 
























. * 




























































n 


J 




























fto. 

sac 
pap 
5. 


t 






Prni 






















Sl-Cokv 

iltsred 
li as th 
er, aud 
Here a 
djroam 


ced to 
at prev 
now re 
QY absc 

^electr 


the ton 

lonsly 

jrodne 

issare] 


01 he has adopted, namely, a curve, 
bown in Fig. 4 of the preceding i| 
d, with slight alteriitiong, in Fi^H 
resents a current passing thion^^^l 
line, and the corresponding a^^| 
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nate representB the electromotive force of the machine for 
a certain speed of revolution, when that current is pasemg 
through it. It will be found (1) that with varying speed 
the ordinate, or electromotive force, corresponding to any 
abHCisaa or current ia proportional to the speed; (3) that 
the electromotive force does not increase indefinitely with 
increasing current, but that the curve approaches an asymp- 
tote; (3) that the earlier part of the curve is, roughly 
speaking, a straight line, until the current attains a certain 
value, and that at that point the electromotive force haa 
reached about two-thirds of its maximum value. When the 
current ia snch that the electromotive force ia not more 
than two-thirds of its maximum, a very small change in the 
reaiatance with speed of engine constant, or in the speed of 
the engine with resistance constant, causes a great change 
in the current. For this reason the greatest of these cur- 
rents, which is that corresponding to the point where the 
curve breaks away from a straight line, and which is the 
same for all speeds of revolution, since the curves for dif- 
ferent speeds differ only in the scale of ordinates, may be 
called the " critical current " of the machine. The effect 
of a change of speed is exhibited in Pig. 5, where the lower 
dotted line represents the curve for a speed of 660 revolu- 
tions per minute, instead of 720. The resistance, varying aa 

electromotive force . , ,, , , ., ,. „ „ 
7 , la given by the slope of the line OF. 

But since the reaiatance ia constant, the slope of this line 
must be conatant; and it will be seen that it cuta the 
upper curve at a point corresponding to a current of 15 
webers, and the lower at a point corresponding to a current 
of & webers only. 
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Iq OermaDjr, AnerbtKrb aod Meyvt (WiedemtiMm Annahn, 
NAv,, ]8?!l)baTeexperi[Dent«dfa[lT on a Gramnie maclmie 
ftt rariouii upeedi, and with Tsrions eilemal resistances. 
The retiitatine of th^ machine vae 0.97 ohm. Their results 
■ru aninmarized in a table at the end of their paper, which 
givei Uiu cnrrent passing, with resistances in circuit from 
1,76 to 300 Siemens units, and at speeds from 20 to 800 
revolutions per minute. In the accompanying diagram, 
Kig. it, the curve expresses the relation between electro- 
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mottvo foroo and current, as deduced from some of their 
obBi'ivfttions ; iho points marked are plotted from their 
tfthld. makiug allowanco, where necessary, for difference in 
apoed. Tho curve, as actually constructed, is for a speed 
of 800 revolutions: at this speed it will bo seen that the 
BtftKimiim electromotive force is about 76 volts; and the 
crittcal current, correspaiiding to a force of about 51 volts, 
b <L5 nboTS, with a total resistance of 7.S ohms. Up to 
tUl point tbero will bo great justability, exactly as was the 
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in the Siemens machine examined by the author, where 
resistance was 4 ohms and the speed 7:30 revuhitions. 
The reaalts of an elaborate series of experiments on cer- 
'tain dynamo-electric machines have recently been presented 
to the Eoyal Society by Dr. Siemens. One of the machines 
examined was an ordinary medium sized machine, substan- 
tially similar to that tried by the author in 1879. It is 
described as having 24 divisions of the commutator; 33G 
coils on the armature, with a resiatance of 0.4014 Siemens 
unit; and 512 coils on the magnets, with a resistance of 
0.3065 : making a total res istiuice of 0.70T9 Siemens unit 
= 0.6G54 ohm. The curve /Sw, Fig. 6, gives the relation 
of electromotive force and current, reduced to a speed of 
700 revolutions per minute, the actual speeds ranging from 
450 to 8(!o revolutions. The maximum electromotive 
force appears to be probably 7C volts, and the critical 
current 15 webers; which is the same aa in the author's 
first experiments on a similar machine. 

In the summer of 1879 the author examined a Siemens 
ihine of the smallest size. This machine is generally 
citer for their alternate current machine. It 
3ias an internal resistance of 0,74 ohm, of which 0.395 is in 
the armature or helix. The machine is marked to run at 
1,130 revolutions per minnte. The following Table II. 
^ves, for a speed of 1,000 revolutions, the total resistance, 
mrrent, electromotive force and horse power developed as 
lorrent. The horse power expended was not determined. 

The curve >S'*, Fig. 6, gives as usual the relations of elec- 
tromotive force and current. From this curve it will be seen 
that the critical current is 11.2 webers, and the maximum 
electromotive forccj at the speed of 1,000 revolutions, ia 
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TAHI-E IL-EXTERIMENTS ON SMALLEST-SIZED SIEMKN8 DTNAM(^B 
ELECTKIC MACHINE. ^H 
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■ about 42 ToltB. The determinations for this machine we 
made in exactly the same manuer as in the esperimen 
on the medium sized machine, using the galvanometer, bO 
omitting the experiment with the calorimeter (comptu 
Table L, p. 31). 

The time required to develop the current in a Gramm 

machine has been examined by Ilerwig (Wiedemann, Jim 

_ 1879). He established the following facte for the maohii 

^b he examined : A rerersed current, having an electromotit 

^B force of 0.9 Grove cell, sufficed to destroy the residtii 

^^ magnetism of the electromagneta. If the residual maj 

netism was as far as possible reduced, it took a much longe 

time to get up the current than when the machine was i 

^^ its usual state. A longer time was required to get uptl 

^L current when the external resistance was great than vhel 

^H it was small. With ordinary resistance the current require 

^H from J second to 1 second to attain its maximum. 

^^ Brightness nf the Electric Jrc— The measurements 

^B the light emitted by an electric arc presents certain pecnlii 

^B difficulties. The light itself is of a different color 2rci 
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that of a standard candle, in terms of which it ia nsiial to 
express luminous intensities. Tho statement, without 
qualification, that a certain electric lamp and machine give 
a light of a specified number of candles, is therefore want- 
ing in definite meaning, A red light cannot with pro- 
priety bp said to be any particular multiple of a green 
light; nor can one light which is a mixture of colors be 
said with strictness to be a multiple of another, unless the 
proportions of the colors in the two cases are the same. 
Captain Abney {Proceedings of the Hoyal Society, March 
7, 1878, p. 157) baa given the results of measurements of 
the red, blue, and actinic light of electric arcs in terms of 
the red, blue, and actinic light of a standard candle. The 
fact that the electric light is a very different mixture of 
raye from the light of gas or of a candle has long been 
known, hut has been ignored in statements intended for 
practical purposes. 

Again, the emission of rays from the heated carbons and 
arc is by no means the same in all directions. Detennl- 
nations have been made in Paris of the intensity in differ- 
ent directions, in particular cases. If the measurement is 
made in a horizontal direction, a very small obliquity in 
the crater of the positive carbon will throw the light much 
more on one aide than on the other, causing great dis- 
cordance in the results obtained. 

If the electric light he compared directly with a stand- 
ard candle, a dark chamber of great length is needed — a 
convenience not always attainable. In the experiments 
made at the South Foreland by Dr. Tyndall and Mr. 
Douglass, an intermediate standard was employed; the 
electric light was measured in terms of a large oil lamp, 
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and this latter was frequently compared with a atandaj-d 
candle. 

Other engagemeiits have prevented the author from 
fairly attacking these difficulties; but since May, 1879, he 
has had in occasional use a photometer with which power- 
ful lights can be measured in moderate space. This 
photometer is shown in Figs. T and 8, and an enlargement 
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of the field piece in Pig. 9. A convex lens A, of short 
focus, forms an image at B of the powerful source of 
light which it is desired to esamine. The intensity of 
the light from this image will be less than that of the 
actual source by a calculable amount; and when the dis- 
tance of the lens from the light is suitable, the reduction 
is such that the reduced light becomeB 
comparable with a candle or a carcel 
lamp. Diaphragms CC are arrangt 
in the cell which contains the lenB,4 
cut off stray light. One of these I 
placed at the focus of the lens, and i 
a small aperture. It is easy to a 
this diaphragm will cut off all lig 
entering from a direction other tfajj 
''' that of the source; so effectually doevV 
do BO, that observations may be made n 
broad daylight on any source of light, if a dajk i 
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be placed behind it. The long box S E, Fig. 7, of 
about I feet length, ia lined with black, velvet, — the old- 
faahioned dull velvet, not that now sold with a finish, which 
reflects a great deal of the light incident at a certain angle. 
This box serves aa a dark chamber, in which the intensity 
of the image formed by the lena is compared with a stand- 




3 light, bymeans of an ordinary Bimaen's photometer F, 
sliding on a graduated bar. 

Mr. Dallmeyer kindly hud the lens made for the author: 
he can therefore rely npon the accuracy of its cui-vature 
and thicknesB; it is plano-convex, the convex side being 
towards the source of light. The curvature is exactly 1 
inch radius and the thickness is 0.04 inch; it ie made of 
Chance's hard crown glass, of which the refractive index for 
the D line in the spectrum is 1.517. The focal length/ is 
therefore 1,033 inches. 

Let u denote the distance of the source of light from 
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the carved eurfaco of the lens, and c the dktaucc of t\ 
image Ji uf tlie source from the [x)eteirior focal plan 
Neglecting for the moment loss by reflection at the sn 
face of the glass, the iuteusity of the soutcd is redaoed ' 



the factor I 



. But - + 



, I 



uf 



.; heacethel 



/■-• «-/■■ 

tor of reduction h (-^.l ■ ''-'he effect of absorption in 

small a thickneBa of very pure glass may be neglected; 1 
the reflection at the surfaces will cause a loss of 8.3 ] 
cent., which must be allowed for. This percentage 
calculated from Fresnel'a formulfe, which are certal 
accurate for glasses of moderate refrangibillty, and 
moderate angles of incidence. 

Suppose, for example, it is required to measure a light 
8,000 candles; if it be placed at a distance of 40 iiichea, 
will be reduced in the ratio 467 to 1, and becoraea a c 
veniently measurable quantity. By transmitting throi^ 
colored glasses both the light from an electric lamp and t 
from the standard, a rough comparison may be mad^ 
the red or green in the electric light with the red c 
in the standard. 

A dispersivo photometer, in which a lens is ut 
Bomowhat similar manner, is described in Stevenaoi 
" Lighthouse Illumination; " but in that ease the lens 
not used in combination with a Bunsen photometer,! 
with any standard light. Messrs. Ayrtou and Penyd 
Bcribod a disjiersive photometer with a concave lens at t 
meeting of the Physical Society ou December 13, 18 
(Proceedingi Fhyaical Society, vol. III., p. 184). 
L OODTCI h)U> poHSeases, liowever, an obvious advantage 
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having a real focus, at which a diaphragm to cut oS stray 
light may be placed. 

Efficieiicy of the Electric Arc.—^o define the electrical 
condition of an electric arc, two quantities must be stated 
— the current passing', and the difference of electric 
potential • at the ends of the two carbons. Instead of 
either one of these, we may, if we please, state the ratio 
diBerBnoerfjotonli,!^ .„d c.U it the resirtanc. of ft. .to, 

current 
that is to say, the resistance which would replace the arc 
without changing the onrrent. But such a use of the term 
electric resistance is nnscientiflc; for Ohm's law, on which 
the definition of electric resistance rests, ia quite untrue of 
the electric arc; while on the other hand, for a given ma- 
terial of the electrodes, a given distance between them, 
and a given atmospheric pressure, the difEerence of poten- 
tial on the two sides of the arc is appro xiuiately constant. 
Theprodnct of the difference of potential and the current 
is of course eqiial to the work developed in the arc; and 
this, divided by the work expended in driving the ma- 
chine, may be considered as the efficiency of the whole 
combination. It is a very easy matter to measure these 
quantities. The difference of potential on the two sides of 
the arc may be measured by the method given by the 
author in his previous paper, or by an electrometer, or in 
other ways. The current may be measured by an Obach 
galvanometer, or by a suitable electro-dynamometer, or 
best of all, in the author's opinion, by passing the whole 
current, on its way to the arc, through a very small known 
resistance, which may be regarded as a shunt for a galva- 
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noraeter of very high resistance, or to the circuit ol whicJM 
a very Iiigh resistance has beeu added. ■ 

It appears that with the ordtniiry carbons, and at ord^| 
nary atmospheric preasure, no arc can exist with a losfl 
diflerence of potential than about W volts; and that i^ 
ordinary work, with an arc ahout i inch long, the diffelJ 
ence of potential is from 30 to 50 volts. Assuming ihsM 
former result, about 20 volts, for the difference of potec-fl 
tial, the use of the curve of electromotive forces may bfl 
illustrated by determining the lowest speed at which |fl 
given machine can run and yet be capable of producing H 
short arc. Taking as the origin of co-ordinates, Fi^l 
10, set off upon the axis of ordinatos the distance OA 
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yr-z, in order that an exceedingly small arc may be just 

possible. 

The curve may also be employed to put into a somewhat 
different form the explanation given by Dr. Siemens, at 
the Koyal Society, respecting the occasional instability of 
the electric light as produced by ordinary dynamo-electric 
machines. The operation of all ordinary regulators is to 
part the carbons when the current is greater than a cer- 
tain amount, and to close them when it is less; initially 
the carbons are in contact. Through the origin 0, Fig. 
11, draw the straight line OA, inclined at the angle repre- 




senting the resistances of the circuit other than the arc, 
and meeting the curve at A. The abscissa of the point A 
represents the current which will pass if the lamp be pre- 
vented from operating. Let iV represent the current to 
which the lamp is adjusted; then if the abscissa of A be 
greater than iV, the carbons will part. Through JV draw 
the ordinate B N, meeting the curve in the point B; and 
parallel to ^ draw a tangent CD, touching the curve at D, 
If the point B is to the right of D, or further from the 
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altkM^^to tfe ri^ «< /». is nvy xiMT toit.anK7 snuii 
ledMetieoifl IIm ^cad «f ibe BKttDrviO mSm to^< 
IJn^ufa the Itgte. Dr. SioBmc ^s«s ^rartir etafaili^ i 
tjui lij^ Iqr ewdiae the ttteOvmagmeu ttf the iiiachirj< 
hj m Autit drcnit, bu$ni «f I; tkn » h ri i cnrent. 

The neecBi of bwaug mor lion «ne n^sUting lan)| 
{n nerioi depend on Uie bw is xhe regnlatsr of an clectm- 
nui|(iu!t «xL'iteil by a bigb reasUaoe vire ooBQecting ihc 
two ttpfHMisd carbons. The force o( this magnet will di- 
jKttiil uj>ori the diSerence of potential in the arc, iiigteH<i 
i>t (iupciu'ling, m in the ordinarr Ump, apon the curreni 
Itiuwiiit;. Such a Bhunt magnet has been employed in u 
viiridLy ot wayu. The author lias arranged it ae an attach- 
iiimit tit an ordinary regulator; the shunt magnet actnati-: 
It key, wliicli Hhort circuits the magnet of the lamp when 
Uu' iiurboiiH arc too far parted, and so causes them to closi, 

III coucluHion the author ventures to remind enginetr- 
lit till) following rulo for determining the efficiency of anv 
■ yalnru of olwitrit) lighting in which tlie electric arc i^ 
iinMil, l.hti arc holiig neither exceptionally long nor excc-|i- 
IliirmJty Khot't; Moiwnro the difference of potential of t)j' 
iii'i', Hhil alio ilu) current jmasing through it, in Tolts ari'l 
wrlmi'i rinupdiitivi'ly; tliim the product of these quantitiei-, 
illvliliul • liy 7>i<i, in the liorso jwiwer developed in that arc. 

^> iU*(Milnr*4il.alvvniilK>vB,thiiprodii(M;ntdl(rereDWD(poU'u- 
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It is then known that the difference between the horse 
power developed in the arc and the horse power expended 
to drive the machine must be absolutely wasted, and has 
been expended in heating either the iron of the machine or 
the copper conducting wires. 

the one to the oth r, just as it required a factor to reduce gramme-centimetres, 
or any other measure of power, to foot-pounds. The factor in this case hap- 
pened to be 746, as would be seen by referring to Everett, *' Units and Physical 
Constants." The product of a weber and a volt was 10^ ergs per second (p. 138), 
while a horse power was 7.46 x 10* = 746 X 10^ ergs per second (p. 25); hence the 
rule given. 
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Aktificial light is generally prodnc«d by imiaing g 
body to a high temperature. If the temperature of a b 
be greater than that of BmroiiDding bodies it parts win 
some of its energy in the form of radiation. While t 
temperature is low these radiations are not of a kind 1 
which the eye is sensitire; they are ezcInsiTely radiatiod 
legs refrangible and of greater wave length than red ligbf 
and may be called infra red. As the temperature is i 
creased the infra red radiations inereaae, but f 
there are added radiations which the eye perceives as i 
light. As the temperature is further increafied, the t 
light increases, and yellow, green and bine rays are euc* 
Bivoly thrown off in addition. On pushing the temperatu^ 
to a Htill higher point, radiations of a wave length sh 
even than violet light are produced, to which the e 
iuKunMitive, but which act strongly on certain chemid 
HubHtances; these maybe called ultra violet rays. It | 
thuH Been that a very hot body in general throws out i 
of vririoua wave lengths,— our eyes, it so happens, being o 
HOimitivo tfi «irtain of these, viz., those not very long i 
not very short, — and that the hotter the body the n 
every kiml of radiation will it throw out; but the prop< 
tioii of wliort waves to long waves becomes vastly gri 
tiio temperature is iu(!reaaed. The problem of the a 
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production of light with economy of energy is the same as 
that of raising some body to such a temperature that it 
shall give as large a proportion as possible of those rays 
which the eye happens to be capable of feeling. For prac- 
tical purposes this temperature is the highest temperature 
we can produce. Owing to the high temperature at 
which it remains solid, and to its great emissive power, the 
radiant body used for artificial illumination is nearly always 
some form of carbon. In the electric current we have an 
agent whereby we can convert more energy of other forms 
into heat in a small space than in any other way; and 
fortunately carbon is a conductor of electricity as well as a 
very refractory substance. 

The science of lighting by electricity very naturally 
divides itself into two principal parts — the methods of 
production of electric currents, and of conversion of the 
energy of those currents into heat at such a temperature 
as to be given off in radiations to which our eyes are sensi- 
ble. There are other subordinate branches of the subject, 
such as the consideration of the conductors through which 
the electric energy is transmitted, and the measurement of 
the quantity of electricity passing and its potential or elec- 
tric pressure. Although I shall have a word or two to say on 
the other branches of the subject, I propose to occupy most 
of the time at my disposal this evening with certain points 
concerning the conversion of mechanical energy into elec- 
trical energy. We know nothing as to what electricity is, 
and its appeals to our senses are in general less direct than 
those of the mechanical phenomena of matter. The laws, 
however, which we know to connect together those ]:>lie- 
nomen^ wbioh w^ gall electrical are essentially mechanical 
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in form, are cloaely correlated with mochaniwil laws, and 
may be most aptly illnatrated by m.eclianical analogues, i 
For example, the terms "potential," "current" and "re- 
Bistance," with which we are becoming familiar in electric- 
ity, haye close analogues respectively in "head," "rate of 
flow" and "coefficient of friction" in the hydraulic trans- 
mission of power. Exactly as in hydraulics head multi- 
plied by velocity of flow ia powL'r measured in foot-pounds 
per second or in horae power, bo potential multiplied by 
current ia power and ia meaaurable in the same unite. The 
horse power not being a convenient elec- 
trical unit. Dr. Siemens has suggested that 
the electrical nnit of power or volt-amp6re 
should be called a watt : 746 watts are equal 
to one horse power. Again, just as water 
flowing in a pipe has inertia and requires an 
expenditure of work to set it in motion, and 
is capable of producing disi-uptive effects if 
itfi motion is too suddenly aiTcsted, — as, for 
B example, when a plug tap is suddenly closed 
in a pipe through which water is flowing 
rapidly, — so a current of electricity in a wire 
has inertia; to set it moving electromotive 
m I ji; force must work for a finite time, and if we 
■^ attempt to arrest it suddenly by breaking the 

I J circuit, the electricity forces its way across 
r~~'^ the interval as a spark. Corresponding to 
I mass and moments of inertia in mechanics 

we have in electricity coefficients of self 
induction. We will now show that an 
■filactric circuit behaves as though it had inertia. The ap- 
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paratus we shall use is shown diagrammatically in Fig. 12. 
A current from a Sellon battery A circulates round an 
electromagnet B; it can be made and broken at pleasure 
at G. Connected to the two extremities of the wire on the 




Fio. 13. 

magnet is a small incandescent lamp D, lent to me by Mr. 
Crompton, of many times the resistance of the coil. On 
breaking the circuit, the current in the coil, in virtue of its 
momentum, forces its way through the lamp, and renders 
it momentarily incandescent, although all connection with 
the battery, which in any case would be too feeble to send 
sufficient current through the lamp, has ceased. Let us 
try the experiment, make contact, break contact. You 
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observe the lamp ligiita up. Compare with the diagram 
(Fig. lU) of the hydraulic analogue, the hyilraulic ram. 
There a current of water suddenly arrested forces a way 
for a portion of its quantity to a greater height than that 

^froin which it fell. A B corresponds to the electromag- 
net, the valve G to the contact hreuker, and /' E to the 
lamp. There is, however, this difference between the in-j 
ertia of watt>r in a pipe and the inertia of an electric ( 
rent: the inertia of the water is coafined to the water J 
whereas the inertia of the electric current resides in thag 
surrounding medium. Hence arise the phenomena of i 
duction of currents upon currents, and of magnets npoBJ 
moving conductors — phenomena which have no immediatdfl 
analogues in hydraulics. There is thus little difficulty toW 
any one accustomed tu the laws of rational mechanics iQ.| 
adapting the expression of those laws to fit electrici 
phenomena; indeed we may go so far as to say that thad 
part of electrical science with which we have to deal thi^l 
evening is essentially a branch of mechanics, and as sncl 
I shall endeavor to treat It. 

This is neither the time nor the place for setting fort 
the fundamental laws of electricity, but I cannot forbc 
from showing you a mechanical illustration, or set i 
mechanical illustrations, of the laws of electrical indactioif 
first distMivered by Faraday. 1 have here a model, Fig. 1^ 
whioli was made to the instructions of the lal# Profea 
Clork Maxwell, to illustrare the laws of iiuluclion. 
OOiislsts of a pulley /', whifli i now turn with my 1 
and which represents one electric circuit, its motion th^ 
current therein. Here U u second pnlley. .S', repceeeuti 

LAseoon4 chiotng circiiit, These two palleys are j 
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togothor by a simple differential train, such as is eorae- 
tiinos uaoil fur a ilynaTiitimeter. The in termed] jite wlie^ 
of thu tniiii, liuwQver, is uttachud to a balauced flywheel, 
the moment of inertia of which can be varied by moving 
inwards or outwards these four brass weights. The resist- 
iiiioes of the two electric circuits are represented by the 
frietiou on the pulleys of two strings, the tension of which 
can bo viiriod by tightening these elastic bands. The dif- 
ferentia] train, with its flywheel, represents the medium,, 
whatever it may bu, between the two electric conductors,; 
The mechani(!al properties of this mcdel are of conrsa>' 
obvious enough. Although the mathematical eqnationB' 
which roiiroacnt the relation between one eleetric conduct- 
or and another in its neighborhood are the same in form 
as the miitheniatical equations which represent the mechan- 
ical oonnection between these two pulleys, it must not be as- 
sumed that the niagnetio mechanism ia completely repra- 
sented by the model. We shall now see how the model 
illustrates the action of one electric circiiit upon another. 
You know tliat Faraday discovered that if you have two 
closed conductors arranged near to and parallel to eacV 
other, and if you cause a current of electricity to begin to^ 
flow in the first, there will arise a temporary current intlUi 
opposite direction in the second. This pulley, marked J 
on the diagram, represents tlie primary circuit, and th^ 
pulley marked S on the diagram the secondary circuit.'. 
We cause a current to begin to flow in the primary, or turn 
the pulley P; an opposite current is induced in the 8e<s 
ondary circuit, or the pulley 8 turns in the oppodtl^ 
direction to that in which we began to move the pulley 1 
w The effect is ouly temporary; resistance speedily sto^tln 
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^inrreiit iu the secondwy circuit., or, in the mycliauicul 
model, friction the rotation of the pulley S. I now grnd- 
ually stop the motion of P/ the pnlley jS" moves in the 
direction iu which P was previously moving, jnst as Far- 
aday found that the cessation of the primary current in- 
duced iu the secondary circuit a current in the same direc- 
tion as that which had existed in the primary. If there 
were a large numher of convolutiona or eoila in the second- 
ary circuit, hut that circuit were not completed, hut had 
an air space interrupting its continuity, an experiment 
with the well known EuhmkorS! coil would show you that 
when the current was suddenly made to cease to flow in 
the primary circuit, so great an electromotive force would 
he exerted in the secondary circuit that the electricity 
would leap across the space as a spark. I will now show 
you what corresponds to a spark with this mechanical 
model. The secondary pulley S shall he held hy passing a 
thread several times round it, I gradually produce the 
current in the primary circuit. I will now suddenly stop 
this primary current: yon observe that the electromotive 
force is anfficient to hreak the thread. The inductive 
effects of one electric circuit upon another depend not 
alone on the dimensiona and form of the two circuits, but 
on the nature of the material between them. For example, 
if we had two parallel circular coils, their inductive effects 
would be very considerably enhanced by introducing a bar 
of iron in their common axis. We can imitate this effect 
by moving outwards or inwards these brass weights. In 
the experiment I have shown you the weights have been 
Bome distance from the axis in order to obtain considerable 
effect, just as in the Kahmkorff coil an iron core is intro- 
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duceil within tho primary circuit. I will now do what i 
equivuicnt to removing tho core: 1 will bring the weightafl 
nearer to the axis, bo that my flywheel shull have lesBjW 
moment of inertia. You observe that the inductive efEectsJ 
are very much less marked than they were before. Witi 
the same electromagnet which we used before, but diffesJ 
ently arranged, we will show what we havfq 
jnat illustrated — the induction of 
circuit on another. Referring to Pig. 15, 
coil A B eorresponda to wheel P/ D t 
wheel iS', and the iron core to the fly-J 
wheel and differential gear. The resist-, 
ance of a lani]) takes the place of thfH 
friction of the string on S. As we mak^ 
and break the circuit yon see the < 
of the induceil current in rendering thaJ 
lamp incandescent. So far I have beei 
illustrating the phenomena of the induc-J 
tion of one current upon another, I willl 
now show on the model that a current^ 
in a single electric circuit has momen-J 
turn. The secondary wheel shall 
firmly held; it shall have no conductivit;d 
Fin. 15. "^ ^^^ — ^^'^^ ^^' ''^ electrical effect shslGl 

be as though it were not there. I now 
cause a current to begin to flow in the primary circuity 
and it is obvious enough that a certain amount of wori^ 
must be done to bring it up to a certain speed. The t 
gnlar velocity of the flywheel is half that of the puUej 
representing the primary circuit. Now suppose that 1' 
two pulleys were connected together in such u way t 
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they moBt have tho eamo angular Telooity in the samo 
direction, Thia represents the coil having twice as many 
coQvolutiona as it had hefore. A little 
consideration will sliow that I must do 
fonr times as much work to give the 
primary pulley the same velocity that 
it attained before; that is to say, that i 
the coefBcient of self induction of a coil 
of irire is proportional to the aqiiare of 
the number of convolutions. Again, 
suppose that these two wheels were so 
geared togetlier that they must always 
have equal and opposite velocities, you 
can see that a very small amount of 
work muet be done in order to give the 
primary wheel the velocity which we 
gave to it before. Such an arraugeineut 
of the model represents an electric cir- 
cuit, the coefficient of induction of which 
is exceedingly sjnall, such as the coils 
that are wound for standard resistances; 
the wire ia there wound double, and 
the current returns upon itself, as shown 
in rig. 16. 

In the widest senscj the dynamo- electric machine may 
be defined as an apparatus for converting mechanical 
energy into tho energy of electrostatic charge, or mechan- 
ical power into its equivalent electric current through a 
conductor. Under this definition would be included tho 
electropborus and all frictional machines; but the term is 
used, in a more restricted sense, for those machines which 
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produce electric cuirenta l>y the motion of couductora in S 
magnetic field, or by the motion of a magnetiu field i 
neighborhood of a conductor. The laws on which ' 
action of such machines is based iiave been the sabject q 
a series of discoveries. Oersted dieeovered that an electr 
current in a conductor exerted force upon a magnet 
Ampure that two conductors conyeying cun-ents genei 
exerted a mechanical force upon each other. Faraday d 
covered — what Hclmholtz and Thomson subseqaentt 
proved to be the necessary consequence of the mechanicfl 
reactions between conductors conveying currents and n 
nets — that if a closed conductor move in a magni 
there will be a current induced in that conductor in oni 
direction if the number of lines of magnetic force passing 
through the conductor was increased by the movement; in 
the other direction if diminished. Now all dyuumo-electric 
machines are based upon Faraday's discovery. Not only 
so; but however elaborate we may wish to make the aualysia 
of the action of a dynamo machine, Faraday's way of pre- 
senting the phenomena of eloctromagnetism to the mind 
is in general our best point of departure. The dynamo 
machine, then, essentially consists of a conductor made to 
move in a magnetic field. This conductor, with the exter- 
nal circuit, forms a closed circuitiu which electric currents 
are induced as the number of lines of magnetic force pass- 
ing through the closed circuit varies. Since, then, if the 
current in a closed circuit be in one direction when the 
number of lines of force is increasing, and in the opposite 
direction when they are diminishing, it is clear that the 
current in each part of such circuit which passes through 
the magnetic field must be alternating in direction, unless, 
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indeed, the circuit be such that it is continually catting 
more and more lines of force, always in the same direction. 
Since the current in the wire of the machine ia alternatingj 
so also muBt be the current outside the machine, unless 
something in the nature of a commutator be employed to 
reverse the connections of the interual wires in which the 
current is induced, and of the external circuit. We have, 
then, broadly, two classes of dynamo- electric machines — 
the simplest, the alternating current machine, where no 
commutator is used; and the continuous current machine, 
in which a commutator is used to change the connection 
of the external circuit just at the moment when the direc- 
tion of the eurreut would change. The mathematical 
theory of the alternate current machine is comparatively 
simple. To fix ideas, I will ask you to tliiuk of the alter- 
nate current Siemens machine, which Ur. Siemens exhibited 
here three weeks ago. We have there a series of magnetic 
fields of alternate polarity, and through these fields we 
have coils of wire moving; these coils constitute what is 
called the armature; in them are induced the currents 
which give a useful effect outside the machine. Now I 
am not going to trouble yon to go through the mathematical 
equations, simple though they are, by which the following 
formula are obtained: — 
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R = '-^ (VI.) 

T represents the periodic time of the machine; that is, in J 
the case of a Siemens machine hariug eight miigneta oBj 
each side of the armature, T represents the time of one- 
fourth of a revolution. / represents the number of lineal 
of force embraced by the coils of the armature at the timQp 
(. / must be a periodic function of /, in the simplest fon 
represented by Equation I. Equation II. gives E the elec 
tromotive force acting at time t upon the circuit. Having 
given the electromotive force acting at any time, it wouln 
appear at lirst sight that we had nothing to do but < 
divide that electromotive force by the resistance ^ of t 
whole circuit, to obtain the current flowing at that time^ 
But if we were to do so we should bo landed in error, fon 
the conducting circuit has other properties besidef 
ance. I pointed out to you that it had a property of mw 
tpresented by its coefficient of self inductioiii 
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call 1 J n t] formula; and when we are dealing with 
rap d ha f urrent, it plays as important a part as 

the e ta Formula III. gives the current z, flowing 

at any t n ad you will observe that it showatwo things: 
first, the maximum current is lesa than it would be if there 
self induction ; secondly, it attains its maximnm 
at a later time. This retardation is represented by the 
letter r, and its amonnt is determined by Formula IV. 
'At a given speed of rotation, the amount of electrical work 
developed in the machine in any time is given by For- 
mula V. It is greatest when E = — sr^- From these for- 

nmlse we see that the current is diminished either by in- 
creasing y or increasing R; also the moment of reversal of 
current is not coincident with the moment of reversal of 
electromotive force, but occurs later, by an amount depend- 
ing on the relative magnitudes of y and li. They show 
ns that although by doubling the velocity of the machine 
we really double the electromotive force at any time, we do 
not double the current passing, nor the work done by the 
machine; but we may see that if we double the velocity of 
the machine we may work through double the external 
isiatauce and still obtain the same current. In what pre- 
ides, it has been assumed that the copper wires are the 
dy conducting bodies moving in the magnetic field. In 
my cases the moving wire coils of these machines have 
iron cores, the iron being in some cases solid, in others 
lOre or leas divided. It is found that if such machines 
run on open circuit, that is, so that no current eircu- 
ites in the armatures, the iron becomes hot, very much 
iter than when the circuit of the copper vrire is closed. 
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in some cases this phenomenon is so marked that the 
machine actauUj takee more to drive it, whea the machine 
is on open circuit, than when it is short circuited. The eX' 
planation is that on open circuit currents are induced in 
the iron cores, but that when the copper coils are close^ 
the current in them diminishes by induction the current ii 
the iron. The effect of currents in the iron cores 
alone to waste energy and heat tlie machine; hut for a 
given intensity of field and speed of revolution the exter- 
nal current produced is diminished. The cure of the evil 
is to subdivide the moving iron as much as possible, in di- 
rections perpendicular to those in which the current tends, 
to circulate. 

There remains one point of great practical interest in 
connection with alternate current machines: How will 
they behave when two or more are coupled together to aid; 
each other in doing the aamo work ? With galvanic bat- 
teries we know very well how to couple them, either iit 
parallel circuit or in series, so that they shall aid, and m 
oppose, the effects of each other; but with alternate cnr-( 
rent machines, independently driven, it_i8 not quite obvhi 
ous what the result will be, for the polarity of eaclt 
machine is constantly changing. Will two machines, 
coupled together, run independently of each other, or will 
one control the movement of the other in such wise 
tlmt they settle down to conspire to produce the sanu 
effect, or will it ho into mutual opposition ? It is obYii 
that a great deal turns upon the answer to this qnesti 
for iu the general distribution of electric light it will 
desirable to be able to supply the system of conduct 
n which the consumers draw by separate 
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'whicli can be thrown in and ont at pleasure. Now I know 
it is a common impression that alternate current machines 
cannot be worked together, and that it is almost a necesaity 
to have one enormous machine to supply al! the consumera 
drawing from one system of conductors. Let us see how 
the matter stands. Consider two machines independently 
■ driven, so as to have approximately the same periodic time 




and the same electromotive force. If these two machines 
are to be worked together, they may be connected in one 
of two ways: they may be in parallel circuit with regard to 
' B external conductor, as shown by the full line in Fig. ]7, 
ist is, their currents may be added algebraically and sent 
b the external circuit, or they may be coupled in eoriea, aa 
pown by the dotted line, that is, the whole current may 
ffisively through the two machines, and the 
Ktromotive force of the two machines may be added, 
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instead of their curronts. The latter case is simpler. 
US consider it first, I am going to show that if you coaplA 
two Bueh alternate current machines in seriea they will t 
control each other's phase as to nullify each other, i 
that you will get no eifect from them ; and, as a corollar 
from that, I am going to show that if you couple them i 
parallel circuit they will work perfectly well togetl 
the currents they produce will be added; in fact, that yoB 
cannot drive alternate current machines tandem, but thi 
you may drive them as a pair, or, indeed, any nnmbc 
abreast. In diagram. Fig. 18, the horizontal line of ab- 




Bciesffl represents the time advancing from left to riglita 
the full curves represent the electromotive forces of thi 
two machines not supposed to be in the same phase, 
want to see whether they will tend to get into the Eam 
phase or to get into opposite phases. Now, if the machin^ 
are coupled in series, the resultant electromotive fore 
on the circuit will be the sum of the electronioti-W 
forces of the two machines. This resultant electromotiri 
force is represented by the broken curve Jfl. By what ^ 
have already eeen in Formula IV., the phase of the ow 



■bd 



SOME POIHTS IN ELECTRIC LIGHTING. 57 

nmet lag beliiiid the phase of the electromotive force, 

shown in the diagram by carve JV, thus ■ . - — ■ . 

. Now the work done in any machine is represented 
of the prodncta of the currents and of the 
omottve forces, and it is clear that, as the phase of 
current is more near to the phase of the lagging 
ihine II than to that of the leading machine I, the lag- 
ging machine must do more work in producing electricity 
than the leading machine; consequently its velocity 
.will be retarded, and its retardation will go on nntil tlie 
ftvo machines settle down into esuctly opposite phases, 
prhen no current will pass. The moral, therefore, is, do 
not attempt to couple two independently driven alternate 
current machines in series. JJow for the corollary: A, B, 
Fig, 17, represent the two terminals of an alternate cur- 
,ient machine; n, h the two terminals of another machine 
idependently driven, A and a are connected together, 
B and b. So regarded, the two machines are in 
ies, and we have just proved that they will exactly 
oppose each other's effects, that is, when A is positive, a 
■will be positive also; when A is negative, a is also nega- 
tive. Now, connecting A and a through the compara- 
tively high resistance of the external circuit vrithii and 6, the 
current passing through that circuit will not much disturb, 
if at all, the relations of the two maohineB. Hence, when 
A is positive, n will he positive, and when A is negative, a 
will be negative also; precisely the condition required that 
the two machines may work together to send a current into 
the external circnit. Yon may, therefore, with confi- 
dence, attempt to ruu alternate current machines in 
parallel circuit for the purpose of producing any exteniKl 
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effect. I might easily ahov that the same applies to i 
larger namber: hence there te no more difficolty in f ' 
iug a eyetem uf coailaclore from a unraber of alternate cni 
rent machmee tiian there is in feeding it from a i 
of ooDtinnous cnrrent machines. A little care is only r 
quired that the machine tball be thrown iu when it 1 
attained eomething like its proper veloeity. A forthfl 
corollary is that alternate currents with alternate i 
machines as motors may theoretically be used for the trana 
mission of power.* 

It is easy to see that, by introducing a commutator i 
rolving with the armature, in an alternate current machitH 
and BO arranged as to reverse the connection between t 
armature and the estemal circuit just at the time whs 
the current would reverse, it is possible to obtain a cm 
rent constant always in direction; but gncb a i 
would be far from constant iu intensity, and would c«i 
tainly not accomplish all the results that are obtained i 
modem continuous current machines. This irregularil 
may, however, be reduced to any extent by mnltiplyin 
the wires of the armature, giving each its own connectia 
to the outer circuit, and ao plying tbem that the electn 
motive force attiiins a maximum successively in the sevea 
coils. A practically uniform electric current was first con 
mercifllly produced with the ring armature of Pacinotf 
as perfected by Gramme. The Gramme machine is repi 
oented diagram matically in Fig. 19. The armature com 
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" of an anchor ring of iron wire, the strands more or less 
inanlated from each other. Hound this anchor ring is 
■woond a continuous endless coil 

(of copper wire; the armature 
moves in a magnetic field, pro- 
duced by permanent or electro- 
magnets with diametrically oppo- 
tfte poles, marked ^Vand S. The 
lines of magnetic force may be 
regarded as passing into the ring 
from N^, dividing, passing round 
the ring and across to S. Thus 
J. the coils of wire, both near to Jf 
jandnear to S, are cutting through 
a very strong magnetic field; con- 
Bseqnently there will be an intense 
inductive action. The inductive 
I'action of the coils near ,V being 
Peqnal and opposite to the induc- 
tive action of the coils near ^, 
t results that there will he strong 
jsitivG and negative electric po- 
tential at the extremities of a 
fliameter perpendicular to the line 
fJfS. The electromotive force pro- ^"^' in- 

duced is made use of to produce a 

current external to the machine; thns the endless coil of" 
the armature is divided into any number of sections, in the 
Idiagram into six for convenience, usually into sixty or 
Peighty, and the junction of each pair of sections is con- 
nected by a wire to a plate of the commntator fixed upon 
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the shaft wliich carries the armature; collecting bruaheifl 
moke coutoct with the cummatator, as showu in thfM 
diagram. If the external resistance were enormoastfl 
high, BO that very little current, or none at all, pasaeff" 
throngh the armature, the greatest differeiice of potential 
between the two bruslies would be found when they made 
contact at points at right angles to the line between the, 
magnets; but when a cnrrent passes in the armature, thi 
current causes a disturbing effect upon the magnetic 
Every time the eoiitaci of the brushes changes from on 
contact plate to the next, the current in a aectiou of th 
copper coil is reversed, and this reversal has an inductiiK 
effect upon all the other coils of the armatui-e. Yon e 
take it from me that the net result on any one coil is approii 
mately the same as if that coil alone were moved, and a 
the other coils were fixed, and there were no reversals < 
current in them. Now you can easily see that the maj 
netic effect of the current circulating in the coils ■ 
the armature will be to produce a north pole at 
and a south pole at s. This will displace the magneti 
field in thp direction of rotation. If, then, we were 1 
keep the contact points the same as when no current wi 
passing, we should short circuit the sections of the arnu 
tore at a time when they were cutting through the lini 
of magnetic force, with a result that there would be vigM 
ous sparks between the collecting brushes and the com 
mutator. To avoid this, the bnishes must folloiv tl 
magnetic field, and also be displaced in the direction i 
rotation, tliis displacement being greater as the current b 
the armature is greater in proportion to the magnetic fidi 
The net effect of this disturbing effect of the corrent j 
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the armature reacting upon itself is, then, to displace the 
neutral points upon the commutator, and consequently 
somewhat to diminish the eflectivo electromotive force. 
It is best to adjust the brushes to make contact at a point 
Buch that, with tho current then passing, flashing is re- 
duced to a minimum; but this point does not necessarily 
coincide with the point which gives maximum difference 
of potential. The magnetic field in the Gramme and 
other continuous dynamo-electric machines may be pro- 
duced in several ways. Permanent magnets of steel maybe 
used, as in some of the smaller machines now made, and in 
all the earlier machines; these are frequently called mag- 
neto machines. Electromagnets excited by a current 
from a small dynamo-electric machine were introduced 
by Wilde; these may be described shortly as dynamos 
with separate exciters. The plan of using the whole 
current from the armature of the machine itself, for 
exciting the magnets, was proposed almost sim til tan eon sly 
by Siemens, Wheatstone, and S. A, Varley. A dynamo 
so excited is now called a series dynamo. Another method 
is to divide the current from the armature, sending the 
greater part into the external circuit, and a smaller por- 
tion tlu'ough tho electromagnet, which is then of very 
mnch higher resistance. Such an arrangement is called a 
shunt dynamo. A combination of the last two methods 
has been recently introduced, for the purpose of main- 
taining constant potential. The magnet is partly ex- 
cited by a circuit of high resistance, a shunt to the 
^^bternal circuit, and pai'tly by coils conveying the 
^^Biole current from the armature. All but the first 
^^Ko arrangements named depend on residual magnetism 
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to initiate the current, and below a certain speed of rotation J 
give no practically useful eloctromotivo force. A dynamo J 
machine is, of course, not a perfect inetrument for converting^ 
mechanical energy into the energy of electric current. Cer--J 
tain losHes inevitably occur. There is, of course, the lossfl 
due to friction of bearings, and of the collecting brushes I 
upon the commutator; there is also the loss due to the^ 
production of electric currents in the iron of the machine. I 
When those are accounted for, we have the actual electrical J 
effect of the machine in the conducting wire; but all of.! 
this is not available for external work. The current has toil 
circulate through the armature, which inevitably has elec-J 
trical resistance; electrical energy must, therefore, be con-l 
verted into heat in the armature of the machine. Energy 4 
must also be expended in the wire of the electromagnet J 
which produces the £eld, for the resistance of this also caiinot[| 
be reduced beyond a certain limit. The loss by the resistancaa 
of the wires of the armature and of the magnets greatly J 
depends on the dimensions of the machine. About thig-l 
I Bhiill have to say a word or two presently. To know thsfl 
properties of any machine thoroughly, it is not enough toil 
know its efficiency and the amount of work it is capable J 
of doing; wo need to know what it will do under all cir-l 
cumstances of varying resistance or varying electromotlTofl 
force. We mnst know, under any given conditions, whatj 
will be the electromotive force of the armature. Now thiaa 
electromotive force depends on the intensity of the mag-^ 
netic field, and the intensity of the magnetic field dependM 
on the current passing round the electromagnet and the! 
current in the armature, Thecurrent, then, in the machine' J 
ia the proper independent variable in terms of which Utm 
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express the electromotive force. The simplest case is that 
of the series dynamo, in which the current in the electro- 
magnet and in the armature is the same, for then we have 
only one independent variable. The relation between the 
electromotive force and current is represented by such a 
curve as is shown in the diagram. Pig. 20. The abscissae. 




Fia. 20. 

measured along X, represent the current, and the ordi- 
nates represent the electromotive force in the armature. 
When four years ago I first used this curve, for the pur- 
pose of expressing the results of my experiments on the 
Siemens dynamo machine, I pointed out that it was capable 
of solving almost any problem relating to a particular 
machine, and that it was also capable of giving good indi- 
cations of the results of changes in the winding of the 
magnets or of the armatures of such machines. Since then 
M. Marcel Deprez has happily named such curves " char- 
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acteriatic curves." I will give you oneortwo itliiBtrations 
of their use. A complete characteristic of a series dyuatno 
does not terminate at the origin, but has a negative branch, 
aa shown in the diagram; for it is clear that by reversing 
the current through the whole machine the eleotromotiTe 
force is also reversed. Suppose a series dynamo is used for 
charging an accumulator, and is driven at a given speed, 
what current wiU pass through it ? The problem is easilj J 
solved. Along Y, Fig, 20, set off E to represent tha-l 
electromotive force oftheaccumulator, and through J^dravff 
the line C E B A, making an angle with OX, such that itgS 
tangent is equal to the resistance of the whole circnit, andl 
cutting the characteristic curve, as it in general will do, in.! 
three points, A,B, and C. Wehave, then, three answers to J 
the question. The current passing through the dynamo I 
will be either L,0 M, or N, the ahscissffi of the pointsJ 
where the line cuts the curve. L represents the currenfrJ 
when the dynamo is actually charging the accumulator^f 
3/^ represents a current which could exist for an instant,.! 
but which would be unstable, for the least variation would -i 
tend to increase. iVis the current which passes if the 
current in the dynamo should get reversed, as it is very 
apt to do when used for this purpose. The next illustratioB 
is rather outside my subject, but shows another method of i 
nsing the characteristic curve. Many of you have heard of -i 
Jacobi's law of maximum effect of transmitting work by-J 
dynamo machines. It is this: Supposing that the two ■] 
dynamo machines were perfect instnimenta for convertingJ 
mechanical energy into electrical energy, and that the g 
eratiug machine were run at constant velocity, while \ 
.receiving machine had a variable velocity, the j 
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amount of work woiild be developed in the receiving 
machine when its electromotive force was one-half that of 
the generating machine; then the efficiency would be one- 
half, and the electrical work done by the generating machine 
would be jnat one-half of what it would be if the receiving 
machine were forcibly held at rest. Now this law is strictly 
true if, and only if, the electromotive force of the generat- 
ing machine is independent of the current paeeing through 
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its armature. What I am now going to do is to give yon a 
construction for determining the maximum work wliich 
can be transmitted when the electromotive force of the 
generating machine depends on the current passing through 
the armature, as, indeed, it nearly always does. Referring to 
Fig. 31, PB is the characteristic curve of the generating 
machine. Construct a derived curve thus : at successive 
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points P of the characteristic curve draw taiigenta P t 
draw r^ parallel to OX, cutting P MmN; prodnce Jf. 
to L, making L P equal P N; the point L gives the dorivt 
cnrve, which I want. Now, to find the maximum woi 
which can be transmitted, draw A at such an angle wit 
Xthat its tangent is equal to twice the resistance of tl 
whole circuit, cutting the derived curve in A. Draw tJ 
ordinate A G, cutting the chai'ucteriBtic curre in B; bii 
A Cat D. The work expended upon the generating machin 
would be represented by the parallelogram 00 BR, tl 
work wasted in resistance by CD 8, and the work d< 
veloped in the receiving machine by the parallelograi 
SDBR. 

When the dynamo machine is not a series dynamo, bn 
the ciirrents in the armature and in the electromagm 
though possibly dependent upon each other, are not 
earily equal, the problem is not quite so simple. Wehai 
then, two variables, the current in the electromagnet an 
the current iu the armature; and the proper representatu 
of the properties of the machine will be by a characteristi 
surface such as that illustrated by this model. Fig. 32. 
the three co-ordinate axes, O.Y" represents the current 
the magnet, Y represents the current in the armatord 
not necessarily to the same scale, and Z the eleetrorai 
tive force. By the aid of such a surface as this, one mi 
deal with any problem relating to a dynamo machine, i 
matter bow its electromagnets and its armature are oa 
nected together. Let us apply the model to find tl 
characteristic of a series dynamo. Take a plane through 
0^, the axis of electromotive force, and making such an 
■Wgls with the plane X, Z that its tangent is equal to 
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^cnrrant nnity on axis Y, divided by current unity on 
P&zis OX. This plane cuts the surface in a curve. The 
]pro]ection of this curve on the plane OX, OZ is the 
t characteristic curve of the series dynamo. This model only 
lishows an eighth part of the complete surface. If any of 
Ijijroa should interest yoorselveB about the otlier seven parts, 
I which are not without interest, remember that it is assumed 




Kthat the hrushes always make contact with the commu- 
tator at the point of no flashing, if there is one. Of course 
ill actual practice one would not use the model of the 
surface, but the projections of its sections. While I am 
speaking of characteristic curves there is one point I will 
■Juflt take this opportunity of mentioning. Three years ago 
^Ifr. Shoolbred exhibited the charactei'istic curve of a 
ramme machine, in which, after the cmTent attained to a 
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cei'tdiu umoiint, Llie electromotive force began to fall. I 
then Baid tliat I thought there must be some mistake la tlie 
exjieriment. However, subaequent experiments have veri- 
fied the fact; aiid when one considers it, it is nut very 
difficult to see the explanation. It lies in this: after the 
current attains to a certain amount the iron in the machines 
becomes magnetically nearly saturated, and consequently 
an increase in the current does not produce a correspojid- 
ing increase in the magnetic field. The reaction, however, 
between the different sections of the wire on the armature 
goes on increasing indefinitely, and its effect is to diminish 
the electromotive force. 

A little while ago I said that the dimensions of the 
machine had a good deal to do with its efficiency. Let ns 
see how the properties of amaehine depend upon its dimen- 
sions. Suppose two machines alike in every particular ex- 
cepting that the one has all its linear dimensions double 
those of the other ; obviously enough all the surfaces in tho 
larger would be four times the corresponding surfaces in 
the smaller, and the weights and volumes of the larger 
would be eight times the corresponding weights in tho 
smaller machine. The electrical resiBtances in the larger 
machine would be one-half those of the smaller. The cur- 
rent required to produce a given intensity of magnetic field 
would be twice as great in the larger machine aa in the 
smaller. In the diagram (Fig. 23) are shown the compara- 
tive characteristic curves of the two machines, when driven 
at the same speed. You will observe that one curve 
is the projection of the other, having corresponding 
points with abscissa! in the ratio of one to two, and the 
latea in the ratio of one to four, Now at first BJjdit it 
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■would aeem as though, since the wire on tho magnet and 

armature of the hirger msichine has four times the section 

of that of the smaller, four times the current could be 

carried, that conaeqnently the intensity of the magnetic 

f field would be twice as great and its area would be four 

rtimea as great, and hence the electromotive force eight 

) times as great; and, since the current in the armature also 

I is BuppoBed to be four times as great, that the work done 




' by the larger machine would bo tliirty-two times as much 
f as that which would be done by the smaller. Practically, 
} however, no such result can possibly be obtained, for a 
f whole series of reasons. First of all, the iron of the mag- 
L nets becomes saturated, and consequently, instead of getting 
I eight times tho electromotive force, we should only get four 
I times the electromotive force. Secondly, the current which 
F -we can carry in the armature is limited by the rate at which 
T -we can get rid of the heat generated in the armature. This 
w -we may consider aa proportional to its surface; consequently 



I 






70 DYNAMO MAOHINEKY AND ALLIED SOBJECTR. 

we must only waste four times as much energy in the arna» 
tnfe of the larger machine as in the smaller one, instead a 
eight timca, as would be the case if we carried the curren 
I in proportion to the section of the wire. Again, the large 
machine cannot run at so great an angular velocity as th 
smaller one. Aud lastly, since in the larger machine tb 
current in the armature is greater in proportion to tb 
saturated magnetic field than it is in the smaller one, tb 
displacement of the point of contact of the brushes wit! 
the commutator will be greater. However, to cut thj 
matter, about nhich one might say a great deal, short, on 
may say that the capacity of similar dynamo machines i 
pretty much proportionate to their weight, that is, to th 
cube of their linear dimensions; that the work wasted i 
producing the magnetic field will be directly as the lines 
dimensions; and that the work wasted in heating the wiw 
of the armature will be as the sfjuare of the linear dimension] 
Now let UH see how this would practically apply. Suppoi 
we had a small machine capable of producing an eleotri 
current of 4 h. p., that of this 4 h. p. 1 was wasted in heat 
ing the wires of the armature, and 1 in heating the wire 
of the magnet ; 2 would be usefully applied outside. No"( 
if we doubled the linear dimensions we should have a oa 
pacity of 33 h. p., of which 2 only, if suitably applied, won] 
be required to produce the magnetic field, and 4 would I 
wasted in heating the wires of the armatui'e, leaving 31 
available for useful work outside the machine— a very dii 
ferent economy from that of the smaller machinea. Bb 
if we again douhled the linear dimensions of our machli 
we should by no means obtain a similar infrease of eiTi 
A consideration of the properties of similar machines 1 
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inother very iiriportaiit pi'aotical use. As you aJl know, 
■. Froude waa able to coatrol the design of ironclad ships 
experiments upon models made in paraffin wax. Kow 
B a, very much easier thing to predict what the perfomi- 
3 of a large dynamo machine will be, from laboratory 
[perimentB made upon a model of a very small fraction of 
8 dimensions. As a proof of the practical utility of such 
methods, I may say that by laboratory experiments 1 have 
succeeded in increasing the capacity of the Ediaon machines 
without increasing their cost, and with a small increase of 
their percentage of efficiency, remarkably high as that 
efficiency already was. 

might occupy your time with confiiderations as to the 
roper proportion of conductors, and explain Sir W. 
Siomson'a law that the most economical size of a copper 
iondactor is such that the annual charge for interest and 
^rectation of the copper of which it is made shall he 
|qnal to the coat of producing the power which is wasted 
y its resistance, Bnt the remaining time will, perhaps, be 
beat spent in considering thu production of light fi-om the 
energy of electric currents. Yon all know that this is done 
commercially in two ways— by the electric arc, and by the 
incandesceut lamp: as the arc lamp preceded the incandes- 
cent lamp historically, we will examine one or two points 
connected with it first. 

I have here all that is necessary to illustrate the electric 
arc, viz., two rods of carbon supported in line with each 
other, and so mounted that they can be approached or with- 
drawn. Each carbon is connected with one of the poles of 
tiie Edisou dynamo machine which is' supplying electricity 
to the incandescent lamps which illuminate the whole of 
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this building. A resistance is interposed in the circuit cA 
the lamp, because the electromotive force of the machine 
is much in excess of what the lamp requires, I now ap- 
proach the carbons, bring them into contact, and again 
separate them slightly; you observe that the break does 
not stop the current, which forces its way across the space. 
I increaee the distance between the carbons, and you observe 
the electric arc between their extremities; at last it breaks, 
having attained a length of about 1 inch. Now the current 
has hard work to cross this air space between the carbons, 
and the energy there developed is converted into heat,r 
which raises the temperature of the ends of the carbon 
yond any other terrestrial temperature. There are several 
points of interest I wish to notice in the electric arc. Both 
carbons bum away in the air, but there is also a transference 
of carbon from the positive to the negative carbon ; there- 
fore, although both waste away, the positive carbon wastes 
about twice aa fast ae the negative. With a continnous 
current, such as we are using now, the negative carbon be- 
comes pointed, while the positive carbon forms a crater (^, 
hollow; it is this crater which becomes most intensely hi 
and radiates most of tlie light ; hence the light is not by ms^ 
means uniformly distributed in all directions, but is mainly 
thrown forward from the crater in the positive carbon. 
This peculiarity is of great advantage for some purposes, 
anch, for example, as military or naval search lights; bat it 
necessitates, in describing the illuminating power of an 
light, some statement of the direction in which the lai 
ment was made. On account of its very high temperat 
the arc light sends forth a very large amount of visil 
ladiatioD, and is therefore very economical of elect 
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energy. For the same reason its light contains a very large 
proportion of rays of high refrangibility, blue and ultra 
violet. I have measured the red light of an electric arc 
against the red of a candle, and have found it to be 4,700 
times as great, and I have measured the blue of the same 
arc light against the blue of the same candle, and found it 
to be 11,380 times as great. The properties of an electric 
arc are not those of an ordinary conductor. Ohm's law 
does not apply. The electromotive force and the current 
do not by any means bear to each other a constant ratio. 
Strictly speaking, an electric arc cannot be said to have an 
electric resistance measurable in ohms. We will now ex- 
amine the electrical properties of the arc experimentally. 
In the circuit with the lamp is a Thomson graded current 
galvanometer for measuring the current passing in amperes; 
connected to the two carbons is a Thomson graded poten- 
tial galvanometer for measuring the difference of potential 
between them in volts. We have the means of varying 
the current by varying the resistance, which I have already 
told you is introduced into the circuit. We will first put 
in circuit the whole resistance available, and will adjust 
the carbons so that the distance between them is, as near 
as I can judge, ^ inch. We will afterwards increase the cur- 
rent and repeat the readings. The results are given in 
Table III. 

TABLE III. 



Current 
Oatvanometer. 


Potential 
Galvanometer. 


Amperes. 


Volts. 


Watts. 


H. P. 


6.2 

9.3 

11.5 


12.0 
12.0 
11.8 


9.9 
14.9 
18.4 


35 

35 
34 


346 
626 


0.46 
0.70 
0.84 
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If the electrical properties of the arc were the same 88 
those of a contlnuouB conductor, the volts would he in pro- 
portion to the amperes, if correction were niade for change 
of temperature ; you observe that instead of that the poteib 
tial is nearly the same in the two eaees. We may ssM 
with some approach to accuracy, that, with a given lengl 
of arc, the arc opposes to the current an electromotive fore* 
nearly constant, almost independent of the current. Thj 
wae first pointed out by Kdlund. If you will speak of thj 
resistance of the electric arc, you may say that the reelBt 
ance varies inversely as the current. Take the last espoT'^ 
iment: by burning 4 cubic feet of gaa per hour we should! 
produce heat energy at about the same rate. I leave any 
of yon to judge of the comparative illuminating effects, 
is not my purpose to describe the mechanisms which have 
been invented for controlling the feeding of the carbons » 
they waste away. Several lamps lent hy Messrs. Siemeool 
Brothers — to whom I am indebted for the lamp and r 
ance I have just been using — lie upon the table for inspeo-H 
tion. An electric arc can also be produced by an alternate 
current. Its theory may be treated mathematically, and is 
very interesting, but time will not allow us to go into it. 
Iwill merely point out this : there is some theoretical reason 
to suppose that an alternate cun-ent arc is in some measure >| 
less efBcient than one produced by a continuous currentr.J 
The efficiency of a source of light is greater as the meaa-fl 
temperature of the radiating surface is greater. The n 
imam temperature in an arc is limited probably by thftil 
temperature of volatilization of carbon; in an alternat 
current arc the current is not constant, therefore the meao] 
temperature ie leae than the maxiraam temperature; inflj 
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Kmtinuoua current arc, the current being oonBtant, the 
Q and maximum temperaturea are equal, therefore iu a 
lontimiouB current urc the mean temperature is likely to 
e somewhat higher than in an alternate current arc. 
We will now pass to the simpler incandescent light. 
iFhen a current of electricity paBsea through a continuous 
jonductor, it encounters resistance, and heat is generated, 
B was shown by Joule, at a rate represented by the resist- 
B multiplied by the square of the current. If the cur- 
fent is sufficiently great, the heat will be genemted at such 
La rate that the conductor rises in temperaliire so far 
Bthat it becomes incandescent and radiates light. At- 
tempts have been made to use platinum and platinura- 
iridium as the incandescent conductor, but these bodies 
are too expensive for general use, and besides, refractory 
though they are, they are not refractory euougli to stand 
the high temperature required for economical incandescent 
lighting. Commercial success was not realized until very 
thin and very uniform threads or filaments of carbon were 
firoduced and enclosed in reservoirs of glass, from which 
ibe air was exhausted to the utmost possible limit. Such 
a the lamps made by Mr. Edison wich which this build- 
bg is lighted to-night. Let us examine the electrical 
ropertiea of such a lamp. Here is a lamp intended to 
rry the same current as those overhead, hut of half the 
distance, selected because it leaves us a margin of electro- 
lotive force wherewith to vary our experiment. Into its 
lit I am able to introduce a resistance for checking the 
Hearrent, composed of other incandescent lamps for cou- 
(TBnience, but which I sJuill cover over that they may not 
let your attention. As before, we have two galvar 
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^b nometera — one to measure the current passing throngh the 
^H lamp, the other the ditlerence of putentitil at its terminals. 
^H First of all, we will introduce a considerable resistance; 
^m yon obsen-e that, although the lamp gives some light, it j 

■ is feeble and red, indicating a low temperature, We taJEM 
V our galvanometer readings. We now diminish the resist^ 
" auce. The lamp ia now a little short of its standard in- 
tensity; with this current it would last 1,000 hours without 
giving way. We again read the galvanometers. The re- 
sistance ia diminished still further. You observe a great 
increase of brightness, and the light is much whiter than 
before. With this current the lamp would not last very 
long. The results are given in Table IV. . 

TABLE IV. H 


G^i^r?."^,.. 


Powntial 


Amparea. 


,.,„. 


...„. 


-^ 


IKS 


L';! 


o;s4 


«B 


IB 


hJ 


There are three things I want you to noHoe in thetf^l 
experimpnts : first, the light is whiter as the current imB 
creases; second, the quantity of light increases very mnijM 
faster than the power expended increases; and third, M^M 
resistance of the carbon iilament diminishes as its ts^9 
perature increases, which is just the opposite of what idB 
should find with a metallic conductor. This reBistance ^| 
given in ohms in the last column. To the second poioflH 
which has beau very clearly put by Dr. Siemens in his Briti^H 
Association address, I ahall return in a minute or two, ^^ 



SOME POINTS IN ELECTRIC LIGHTING. 



77 



The bnilding ia this OTcnmg lighted by about ~IK) 
lamps, each giving sixteen candles' light when 75 watts of 
power are developed in the lamp. To produce the same 
sixteen candies' light in ordinary flat flame gas burners 
would require between seven and eight cubic feet of gas per 
hour, contributing heat to the atmosphere at the rate of 
3,400,000 foot-pounds per hour, equivalent to 1,250 watts; 
that is to say, equivalent gas lighting would heat the air 
nearly seventeen times as much as the incandescent lamps. 

Look at it another way. Practically, about eight of these 
]amps take one indicated horse power in the engine to supply 
them. If the steam engine were replaced by a large gas 
engine this 1 h. p. would be supplied by 25 cubic feet of 
gas per hour, or by rather less; therefore by burning gas 
in a gas engine driving a dynamo, and using the electricity 
in tho ordinary way in ineaiidesoent lamps, we can obtain 
more than five candles per cubic foot of gas, a result yon 
would be puzzled to obtain in Ifi-candle gas burners. 
With arc lights instead of incandescent lamps many times 
as much light could be obtained. 

At the present time, lighting by electricity in London 
must cost something more than lighting by gas. Let us 
see what are the prospects of reduction of this cost. Be- 
ginning with the engine and boiler, the electrician has no 
right to look forward to any marked and exceptional 
advance in their economy. Next comes the dynamo; the 
best of these are so good, converting SO per cent, of the 
work done in driving the machine into electrical work out- 
side the machine, that there is little room for economy in 
the conversion of mechanical into electrical energy; but 
the prime cost of the dynamo machine is sure to be greatly 
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reduced. Our hope of greatly increased economy must 
mainly based npon probable improvements in the inct 
descent lamp, and to this the greatest attention ought tff 
be directed. Yon have seen that a great economy of 
power can be obtained by working the lamps at high press- 
ure, but then they soon break down. In ordinary prac- 
tice from 140 to 200 candles are obtained from a horsa 
power developed in the lamps, bat for a short time I have;) 
seen over 1,000 candles per liorse power from incandesceni! 
lamps. The problem, then, is so to improve the lamp in 
detail that it will last a reasonable time when pressed to 
that degree of efficiency. There is no theoretical bar to 
sueh improvements, and it must be remenibered that in- 
candescent lamps have only been articles of commerce for: 
about three years, and already much has been done. H, 
such an improvement were realized, it would mean that 
yon would got five times as mnch light for a sorereign as 
you "can now. As things now stand, so soon as those who 
supply electricity have reasonable facilities for reaching 
their customers, electric lighting will succeed commercially 
where other considerations than cost have weight. We 
are sure of some considerable inqirovements in the lamp^ 
and there is a probability that these improvements may 
go so far as to reduce the cost to one-fifth of what it noif , 
is. I leave you to judge whether or not it is probabli 
almost certain, that lighting by electricity is the lightini 
of the future. 
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DYNAMO-ELECTEIO MACHINERY. 

^ 3:h£0BETI0AL construction of characteristic curve. 

Omitting the indnctive effects of the current in the 
armature itself, all the properties of a dynamo machine are 
most conveniently deduced from a statement of the rela- 
tion hetween the magnetic field and the magnetizing force 
, required to produce that field, or, which comes to the same 
' thing but more frequently used in practice, the relation 
t between the electromotive force of the machine at a stated 
i and the current around tho magnets. This relation 
Lgiven, it is easy to deduce what the result will be in all 
I amploymenta of the machine, whether as a motor or to 
I produce a current through resistance, through an electric 
1 arc, or in charging accumulators; also the result of vary- 
[ ing the winding of the machine, whether in the armature 
magnets. The proper independent variable to choose 
J for discussing the effect of a dynamo machine is the cur- 
l.iient around the magnets; and the primary relation it is 
1 necessary to know concerning the machine is the relation 
I of the electromotive force of the armature to the magnet 
enrrent. This primary relation may be expressed by a 
cnrre (Fig. 4, p. 23 et seq., and Fig. 5, p. 2G), now caUed 
the characteristic of the machine, and all consequeneea 
deduced therefrom graphically; or it may he expressed by 
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■ttttiog the E.M.F. as an empirical function of the nugnet- ^ 
iziug carrent. Maiij' such empirical formula.' have been 
prcfiKHMd; OB an instuncc wg may mention that known as 
FrOlilicb'B, according to wliom, if c be the currcBt in the | 

mngnete, E the resulting E.M.F., B = — -■ j-. For b 

mschinee this formula ie said to express observed reenltal 
fairly accurately, but in our esperience it does not saf»T 
llrriciitly approximate to a straight line in the part of the i 
tnrro near the origin. The character of the error in 
FrOhlich's formula is apparent by reference to Figs. 24 
and 25, which give a series of observations on a dynamo 
machiue, and for comparison therewith a hyperbola F, 
drawn m favorably as possible to accord with the observa- J 
tioni.* Such empirical formulse possess no advantage o 
thi! grnpliical method aided by algebraic processes, a 
tend to mimk much that is of importance. 

One pnrpoBo of the present investigation ia to pve a 
approximately complete construction of the characteristii 
curve of a dynamo of given form from the ordinary lawi 
of electro magnetism and the known properties of iron,! 
and to compare tho result of such construction with th( 
actual characteristic of the machine. The laws of electro-| 
magnetism needed are simply (Thomson, papers on " Elec 



I 



• Aitilr<d Aii(, 17.— Tliat FrOhliuli'B tormula ci 
Ty BXpi-HHioti of tta« characterliitlc at a d;ntiTr 
iBuldenttlnn Ihst £Mhi>uld ilmply change Its 
.iiutloD of e. Tli«™ uliouht ha a. point of liiSec 
the origin. Anolher emplrLca,! forraulo. — = t 



loot be a. tboroughly wOaft 

Ign Kith e. tbHl la, bi 

Ian la tb(- cbu-acterlallc cunvl 



iptrlcal formula. — = Ian £. <s free from thlsobjetfil 
Btlll fall* to fully repreaenC the approilmatlon of the curve 
atralKht line »n i-lther aide of the origin, and It la equally UBinatruoHve 
I'sly empirical formula. 



62 DVNAMO MACniNEET ASD ALLIED StHJECTS. 




i'-- 



"i'^- 



Fib. as.— ArPHosmATi £jKTHEsia or CouucTKHianc Onrx. 
manire : B. air space; (7. miienpis: D. deduco] cum; £ ob 
Ibe soiiie as (be lert-haiid i>art of Kie. S^ but on ■ larECr aoale. 
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trostatJCB and Miignetism;" Maxwell, ■'Electricity and 
MagnetiMm," voL ii., pp. 24, 2G, and 143), (1) that the 
line inte.gral of magnetic force around any closed curve, 
whether in iron, in air, or in hoth, is equal to in n e, where 
c ie the current passing through the closed cnrve, and n is 
the number of times it passes through; (2) the solenoidal 
condition for magnetic induction, that is, If the lines of 
force or of induction be supposed drawn, then the induc- 
tion through any tube of induction is the same for every 
section. Regarding the iron itself, we require to know 
from experiments on the material in any shape the relation 
between a, the induction, and a, the magnetic force at any 
point; for convenience write «=/"'(«), or a =f{a). 
Prom these premises, without any further assumption, it ia 
easy to see that a suffleiently powerful and laborious analysis 
would be capable of deducing the characteristic of any 
dynamo to any desired degree of accuracy. This we do not 
attempt, as, even if successful, the analysis would not be 
likely to throw any useful light on the practical problem. 
We shall calculate the characteristie, first making certain 
assumptions to simplify matters. We shall next point out 
the nature of the errors introduced by these assumptions, 
and make certain small corrections in the method to ac- 
count for these sources of error, merely proving that the 
amount of these corrections is probable or deducing it 
from a separate experiment, and again compare the theo- 
retical and the actual characteristic. 

Mrst Approximation. — Assume that by some miracle 
the tubes of magnetic induction are entirely confined to 
the iron excepting that they pass directly across from the 
tored faces of the pole pieces to the cylindrical face of the 



I 
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: core. This, we shall find, introduces minor 
sotircea of error, affecting difierent parts of the charac- 
teriatic carve to a material extent. Let / be total in- 
daction throag'ti the armatnre, J, the area of section of 
the iron of the armatnre, /, the mean length of lines of 
force in the armatnre: J, the area of each of the two 
spaces between core of urif.ature and the pole pieces of the 
magnets, l^ the distance between the core and the pole 1 
piece; A^ the area of core of magnet, I, the total length <^ | 
the magnets. All the tnbea of indaction whicfa pan I 
throQgh the armature pas3 through the space A, and the J 
magnet cores, and by our assumption there are no others. 1 
We now assume further that these tnbes are nnifonnly I 
dlatributed over these areas. The induction per square j 



mtimetre is then 



the armature core, -r- in the non- 



lacea, -y in the magnet cores; the correspond- 
ing magnetic forces per centimetre linear must be/f -j-l, -j-, ] 
fi -y-j. The line integral of magnetic force roniid a closed | 

' "» 'A-j) + ^'- i + '-^{i} '" "■'• "P- 1 

prorimation we neglect the force required to magnetize 1 
pole pieces and other parts not within the magnet coils, to I 
avoid complication. The equation of the characteristifr I 

,, tt.n, 4;r » . = i,/(-|-) + 2i, £ + 1, /( j-). Tl,i.| 

I -Tirve is, of course, readily constructed graphically from 
magnetic property of the material expressed by thaJ 
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cnrve a =/{«)■ In Figs. S4 and 25 curve A represents 



~^'Aa]' *'^^ straight line B 



and curve D the calculated characteriatic. 

When we compare tiiia with an actual characteristic S, we 
shall see that, broadly speaking, it deviates from truth in 




two respects : (1) it does not rise sufQciently rapidly at 
first; (2) it attains a higher maximum than is actually 
realized. Let us examine these errors in detail. 

(1) The angle the characteristic makea with the aiia of 
ab8cias£B near the origin is mainly determined by the line 
Ji (Fig. 36). We have in fact a very considerable exten- 
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ahowing that the extension of the area of the field is likely 
to be considerable. 

(3) The failure of the actual curve to reach the max- 
imum indicated by approximate theory is because the 
theory assumes that all tubes of iuductiou paesiiig thi:oKgli 
the magnets pass also through the armature. Familiar 
observatious round the pole pieces of the magnets show 
that this ia not the case. If c be the ratio of the total 
induction throngh the magnets to the induction in the 
armature, we must, in our expreaeiou for the line integral of 

magnetizing force, replace the term /f-j-j by ji—- j : »- is 

not strictly a constant, as we shall see later ; it is somewhat 
i ncreased as / increases, owing to magnetization of the core 
of the armature, and it is also affected by the current in 
the armature, I'or our present purpose we treat it as con- 
stant. 

There is yet another source of error which it is necessary 
to examine. Some part of the induction in the armature 
may pass through the shaft instead of through the iron 
plates. An idea of the amount of this disturbance may be 
readily obtained. Consider the closed curve A B C D E F: 
AB and FED Care drawn along lines of force; A /"and 
B G are orthogonal to hues of force (Fig. ST). Since this 
closed cnrvc has no currents passing through it, the line 
integral of force around it is nil; therefore, neglecting 
force along E D, we have force along A B equal to force 
along FB and D C. In the machine presently described 
we may safely neglect the induction through the shaft; 
the error is comparable with the uncertainty as to the value 
o f ^,; but in another machine, with magnets of much 
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greater section, the effect of the shaft would become very 
seuBiblo when the core ia practically saturiited. 




The amended formula i 



where I, is the mean length of lines of force in thefl 
wrought-iron yoke, A^ the area of the yoke, ?, and A^ oor«9 
responding quantities for the pole pieces, the last twcg 
terms being introduced for the forces required to magnet"! 
ize the yoke and the two pole pieces. 
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We now repeat the graphical method of construction 
exactly as before, the actual observations of induction in 
armature and current being plotted on the same diagram. 
Figs. 28 and 29, in which curve G represents the force 
required to magnetize the yoke, and curve H that required 
to magnetize the pole pieces. Before discussing these 
curves further, and comparing the results with those of 
actual observation, it may be convenient to describe the 
machine upon which the experiments have been made, 
confining the description strictly to so much as is perti- 
nent to our present inquiry. 

DESCRIPTION OF MACHINE. 

The dynamo has a single magnetic circuit, consisting of 
two vertical limbs, extended at their lower extremities to 
form the pole pieces, and having their uj^per extremities 
connected by a yoke of rectangular section. Each limb, 
together with its pole piece, is formed of a single forging 
of wrought iron. These f orgings, as also that for the yoke, 
are built up of hammered scrap and afterwards carefully 
annealed, and have a magnetic permeability but little in- 
ferior to the best Swedish charcoal iron. The yoke is 
held to the limbs by two bolts, the surfaces of contact 
being truly planed. In section the limb is oblong, witli 
the comers rounded in order to facilitate the winding of 
the magnetizing coils. A zinc base, bolted to the bed- 
plate of the machine, supports the pole pieces. 

The magnetizing coils are wound directly on the limbs, 
and consist of 11 layers on each limb, of copper wire 2.413 
inms. diameter (No, 13, B.W.G.), making 3,260 convolu- 
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tiona in all, the total length being approximately 4,570 
metres. The pole pieces are bored to receive the arma- 
ture, leaving a gap above and below, snbtending an angle 
of 51° at the centre of the fields. The opposing etirfacea 
of the gap are 8 mma. deep. 
' The following table gives the leading dimensione of the 
machine: 



Depth ol pute ffieco 
Width of pole pie™ in 
TblchneiH af zinc bus 
Wiath olgap 



The armature is built up of about 1.000 iron plates, insu- 
lated one from another by sheets of paper, and held between 
two end plates, one of which is secured by a washer 
ahrunh on to the shaft, and the other by a nut and lock- 
nut screwed on the shaft itself. The plates are cut from 
sheets of soft iron, having probably about the same i 
netic! permeability aa the magnet cores. The shaft is of 
Bessemer steel, and is insulated before the plates are 
threaded on. 

The following table gives the leading dimensions of the 
armature : 



plamG|«>' ot slialt. . , 



peover the endplatM... 
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The core is wound longitudinally according to the 
Hefner von Alteneck principle with 40 convolutions, each 
consisting of 16 sti'ands of wire l.~53 mm, diameter, the 
convolntiona being placed in two layers of 20 each. The 
commutator is formed of 40 copper bars, insulated with 
mica, and the connections to the armature so made that 
the plane of commutation in the commutator ie horizontal 
when no current is passing through the armature. 

Fig. 30 ahowa a side elevation of the dyuamo; Fig. 31 a 




\ 



cross section through the centres of the magnets; Fig 32 
,a section of the core of the ai-mature, in aplaue through 
the axis of the shaft. 

The dynamo is intended for a normal outpnt of 105 
Tolts 320 amperes at a speed of "50 revolutiona per minute. 




I 



net coila 16.93 ohms, both at & temperature of 13.5° t 
grade; Lord Eayleigh'a det«niiiuation of the ohm bein 



ttt f-^aaaa^T 






a iiHVG now to eBtiinate rhe lonjrths and areas required'B 
ill tho syiitliesia of the characteristie curve. 

,; — from the kngth of the core of the armature (50.^ 
It.) muHt be deducted 3.4 cms. for the thickness 
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insulating material between the plates; the resultant area 
is, on the other hand, as has already been stated, slightly 
augmented by the presence of the steel shaft. A^ is taken 
as 810 sc[. cms. 

l^-j—fhia is assumed to be 13 cms., i.e., slightly in excess 
of the shortest distance (12,6 cms.) between the pole pieces. 

A,; — the angle subtended by the bored face of the pole 
piece at the asis is 139°, the breadth of the pole piece is 
48.3 cms., the diameter of the bore of the field is 27.5 cms., 
and, as already stated, the diameter of core 24.5 cms,; thus 
the area of pole piece is 1,513 sq. cms., and the area of 129° 
of the cylinder at the mean radius of 13.0 cms. is 1,410 sq. 
cms. ; this value is taken for .1^ in the curves drawn in Figs. 
34 and 25. In Figs. 28 and 29 J, is taken as 1,600, an 
allowance of 190 sq. cms. being made for the spreading of 

190 
the field at the edges of the pole pieces, or y— - —1.3 cm. all 

=0.8 of the distance from 



l.S 



round the periphery, that 

iron of pole pieces to iron of core. 
?, is 1.5 cm. 

^, is a little uncertain, as the forgings are not tooled 
; it is here taken as 980 sq. cms., 
[ but this value may be slightly too high. 
/, is 91.4 cms, 
A^ is 1,120 sq. cms. 

l^ is 49 cms., being measured along a 
l^nadrant from the centre of the magnet 
I (see Fig. 33). 

, is 1,230 sq. cms., intermediate between the area of 
Bjnagnet and f a<^e of pole piece. 




i 
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Z, is 11 cms. 

V waB determined by experiment as described below, and 
it« valne is taken as 1.3'3; when the magnetizing cament is 
more tlian 5.C3 amperes its value should be a. little greater. 

The function /(«) ia taken from Hopkinson, Phil. TranA^d 
vol. olxxvi, 1885, p. 455; the wrought iron there referre 
to was not procured at the same time as, and its propertie 
may diJfer to a certain extent from, the wrought iron ( 
these magnets. 

The curves now explain themselves : the abscissie in eacq 
case represent the line integral of magnetizing force ii 
part of the magnetic circuit referred to; the ordiuates, th^ 
number of lines of induction which also pass through thM 
armaturk 

The results of the actual observations on the machiiu 
are indicated, those when the magnetizing force isincres 
ing+fWhen it is decreasing ffi. The measurements of thi 
currents in the magnets which were separately excited, an^ 
of the potential difference between the bnishea, the circni^ 
being open, were made with Sir W. Thomson's graded 
gill V an meters, standardized at the time of uae. The irreg- 
ularities of the observations are probably due to the varia> 
tion of speed, the engine being not quite perfectly goremet 
The second construction exhibits quite as close an agree- 
ment between observation and calculation aa could I 
expected; the deviation at high magnetizing forces i 
probably due to three causes^increase in tlie value of i 
when the core of the armature is partially saturated, nni 
certainty jis to the area J„ difference in the quality of tl 
iron. It is interesting to see how clearly theory prediot|i 
the difference between the ascending and descending cnrrai 
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• of a dynamo. Consideration of the diagram proves that 
this machine is nearly perfect in its magnetic proportions. 
The core might be diminished without detriment by in- 
creasing tlie liole through it to a small, but very email, 
extent. Any reduction of ftrea of magnets would be inju- 
rious; they might, indeed, be slightly increased with advan- 
tage. An increase in the length of the magnets would be 
Tery distinctly detrimental. Again, little advantage resnlts 
from increasing the magnetizing force beyond the point at 
which the permeability of the iron of the magnets begins 
to rapidly diminish. For iron of the same quality as that of 
the machine under consideration, a magnetizing force of 
3.6X10' or 28.4 per centimetre is suitable. To get the 
same induction in other parts of the circuit, the diagram 
shows that for the air space a magnetizing force of 21 X 10" 
is required, for the pole pieces 0,1x10', for the armature 
0.2x10", for the yoke 0.6x10'; making a total force re- 
qnired of 24.5 x 10'. Any alteration in the length of the 
area of any portion of the magnetic circuit entails a corre- 
sponding alteration in the magnetizing forces I'equired for 
that portion, at once dedueible from the diagram. Similar 
machines must have the magnetizing forces proportional 
to the linear dimensions, and consequently, if the electro- 
motive force of the machines is the same, the diameter of 
the wire of the magnet coils must he proportional to the 
linear dimensions. If the lengths of the several portions 
of the magnetic circuit remain the same, hut the areas are 
similarly altered, the section of the wire must be altered in 
proportion to the alteration in the periphery of the section. 
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EXI'BlflUBNT TO DETERMINE »•. 

Around tlie middle of oite of the magnet limls a eingle 
coil of wjre wan taken, forintiig one complete eonToititioD, 
iuu\ itjf cridB wniieeted to a Thomson'fl mirror galvitnt 
«t«r rundere<l fairly ballietic. if the circnit of tlie 
BugneU, wliilb tlie excltiug current is puiising, be soddi 
■bort eircuiu^, tliu ulongation of the galvanometer 
DUtwuro of tfau total induction within the core of the 
UiiiIm, iicgluc'ting the residual magnetization. If th« short 
circuit Iw Huddmily removed, so that the current 
pojUKW round the fluid inagiieta, the elongation of 
galvanumotor will be e<]ual in niaguitade and opposite 
direoliun. 

'j'hu rcudingH taken were: 






Zero . . 


.... 71 left. 


i)efIectioTi 


.... 3:V^ '■ magnets made. 


" 


. . . . lOG right; magnets short circuit 




Hence, deflection to right = 267 




left =261 




Mean deflection = 264 



To determine the induction through the armature, Ha 
leads to the ballistio galvanometer were soldered to coJ 
secutive bare of the commutator, connected to that convi 
lution of the armature which lay in the plane of c< 
t^ation. 
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The readings taken were : 

Zero 23 left. 

Deflection .... 223 " magnets made. 

' * * * ^ >- right; magnets short circuited. 
Hence, deflection to right and left = 200 

It thus appears that out of 264 lines of force passing 
through the cores of the magnet limbs at their centre, 200 
go through the core of the armature, whence v equals 1.32. 
The magnetizing current round the fields during these 
experiments was 5.6 amperes. 

EXPERIMENTS ON WASTE TIELD NOT PASSING THROUGH 

ARMATURE. 

As in the determination of v, a single convolution was 
taken around the middle of one of the limbs, and con- 
nected to the ballistic galvanometer; the deflections, when 
a current of 5.6 amperes was suddenly passed through the 
fields or short circuited, were: 

Zero 34 left. 

Deflection .... 148 " magnets made. 

" .... 82 right; magnets short circuited. 

Hence, deflection to right =116 
" left = 114 

Mean deflection = 115 

I. Four convolutions were then wound round the zinc 
plate and the cast-iron bed in a vertical plane, passing 
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throDgb the axis of the annatnFe; and the deflectioiii 
noted were; 

Zero 15 left. 

Deflection 61 " magnets short circaite 

" 40 right; magnets made. 

Zero 11 left. 

Deflection 64 '* magnets short circaitc 

" 36 right; magnets made. 

Hence, deflection to right = 55 

" left = 46 

and ' '• right = 47 

left = 53 

in the two observations re^pectivelj, ^ving a mean = 50.35 
or, reducing to one convolution, — 12.6. 

IL A eqaare wooden frame, 'iS cms. x 38 cms., on wbicd 
were wound ten convolutions, was then inserted betwee 
the magnet limbs, with one eide resting on the armattm 
and an adjacent aide projecting 5 cms. beyond the coils om 
the limba, or about 7.G cms. beyond the cores of the limbe 
The deflections were: 

Zero 34 left. 

Deflection 98 " magnets made. 

" 32 right; magnets short cirouite 

" 81 left; magnets made. 

Hence, deflection to right = 56 
left =64 
and " right = 55 

left = 47 
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in the two observations respectively, giving a mean = 55 ; 
or, reducing to one convolution, = 5.5. 

III. The same frame was raised a height of 6.35 cms. 
above the armature in a vertical plane. The deflections 
were : 

Zero 21 left. 

Deflection .... 98 " magnets made. 

Zero 35 left. 

Deflection .... 8 right; magnets short circuited. 

Hence, deflection to left = 50 

right = 43 
and mean deflection = 46.5 
or, reducing to one convolution, = 4.6 

IV. The same frame was again lowered on the armature 
and pushed inwards so as to lie symmetrically within the 
space between the limbs. The deflections were : 

Zero 32 right. 

Deflection .... 112 " magnets made. 

" . . . , 48 left; magnets short circuited. 

Giving a mean of 80; or, reducing to one convolution, 
= 8.0. 

Let G represent the leakage through a vertical area 
bounded by the armature and a line 7-6 cms. above the 
armature and of the same width as the pole pieces; let R 
be the remainder of the leakage between the limbs; then 
II. and III. give 

|(?+|i? = 5.5, 
|i? = 4.6; 



mm 
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Again, IV. gives 



:~{ti + n) = 8.o- 



G + Ii = 9.G, 

which shows an agreeirieiit as near aa might be espectea 
considering the rough nature of tlie experiment am! thu^a*^ 
the leakage is assumed uniform over the areas considered.^ . 
We take 

B = 1.6, 
B ^ 8.0. 



s to percentages we have 



E = 



115 



1.4 per ceiiJ 



And from I. the leakage through the ) _ ,/, ^ 

zinc plate and iron base . . . . ) ~ 
Hence the two gape account for . , , 2.8 

The zinc plate and iron base account fur 10,3 

And the area between tlio limbs ... 7,0 

Making a total loss accounted for , . 20.1 

Out of an observed loss of 34.24 

The leakage through the shaft and from pole piec» 
yoke, and one pole piece to the other by exterior liK 
will accopnt for the remainder. 



[ 
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EFFECT OF THE CURRENT IN THE ARMATURE. 



The currents in the fixed coils around the magnets are 
not the only magnetizing forces applied in a dynamo 
machine; the currents in the moving coils of the armatiiru 
have also their effect on the resultant, field. There are in 
general two independent variables in a dynamo machine — 
the current around the magnets and the current in the 
armature; and the relation of E.M.F. to currents ie fully 
represented by a surface. In well-constructed machines 
the effect of the latter is reduced to a minimum, but it 
can be by no means neglected. When a section of the 
armature coils is commutatod, it must inevitably be 
momentarily short circuited ; and if at the time of commu- 
tation the field in which the section is moving is other 
than feeble, a considerable current will arise in that ae*- 
tioiL, accompanied by waste of power and deetructiye 
sparking. It may be well at once to give an idea of the 
possible magnitude of such effects. In the machine al- 
ready described the mean E.M.F. in a section of the arma- 
ture at a certain speed may be taken as 6 volts, its resist- 
ance 0.000995 ohm. Setting aside, then, for the moment 
'[uestioDS of self induction, if a section were commutated 
at a time when it was in a field of one tenth part of the 
mean intensity of the whole field, there would arise in that 
section, while short circuited by the collecting brush, a 
current of 000 amperes, four times the current when the 
section is doing its normal work. The ideal adjustment 
of the collecting brushes is such that during the time they 
short circuit the sections of the armature the magnetic 
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forces ahall just suffice to atop the current in the aection, 
and to reverse it to the same current in the opposite dbee- 



Snppose the commntation occurs at an angle \ in ad- 
vance of the gymnietrical position between the fields, and 




that the total cnirent through the armature be C, reckoned j 
positive in the direction of the resultant E.M.F. of the ] 
machine, i.e., positive when the machine is usei 
a generator of electricity. Taking any closed line I 
through magnets and armature, symmetrically drawn i 
ABGD E FA (Fig. 34), it is obvious that the line in- J 
tegral of magnetic force ia diminished by the current in J 
the armature included between angle A in front and augl^J 
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I behind the plane of symmetry. If m be the number of 
convolutions of the armature, the value of this magnetizing 

force is 4ff C- — = 4Am f7 opposed to the magnetizing 

force of the fixed coils on the magnets. Thus if we know 
the lead of the brushes and the current in the armature we 
are at once in a position to calculate the effect on the 
electromotive force of the machine. A farther effect of 
the current in the armature is a material disturbance in 
the distribution of the induction over the bored face of 
the pole piece; the force along H G (Fig. 34) is by no 
means equal to that along D E. Draw the closed curve 
B C G HB: the line integral along C G and 11 B is negli- 
gible. Hence the difference between force // G and B G 

ia equal to 4jr (? — - = 3*f m C, where /c is the angle COG. 

This disturbance has no material effect upon the perform- 
ance of the niacliine. But the current in the armature 
also distorts the arrangement of the comparatively weak 
field ill the gap between the pole pieces, displacing the 
point of zero field in the direction of rotation in a gener- 
ator and opposite to the direction of rotation in a motor; 
.and it is due to thie that the non-sparking point of 
the brushes is displaced. A satisfactory mathematical 
analysis of the displacement of the field in the gap be- 
tween the pole pieces by the current in the armature 
would be more troublesome than an a priori analysis of 
the distribution of field in this space when the magnet 
current is the only magnetizing force. Owing to the fact 
that the armature is divided into a finite number of sec- 
tions, there ia a rapid diminution of the displacement of 



J 



106 DYNAMO MACHINERY AND ALLIED SUBJECTS, 



the field during the time that a section is being ( 
tated, the diminution being recovered while the brush i 
in contact with only one bar of tho commutator. Th£ 
field thus oscillates slightly, owing to the dieturhano 
caused by revorsing the direction of the current in tin 
SDCcessiTe sections of the armature. The number of oscit 
lations in a Gramme armature or in a Siemens armatun 
with an even number of sections will be /j m, where p B 
the number of revolutions per second; but in a SiemeiU 
armature with an odd number of sections it will be 2 
This oscillation of the field is only another way of expresB 
ing the effect of the self induction of the section, but i 
must be remembered that if the self induction, multiplie 
by change of current, is expressed as a change in the fiel 
we must omit self induction us a separate term in on 
electrical equations. The precise lead to be given to th 
brushes in order to avoid sparking in any given cat 
depends on many circumstances — the form and extent t 
the pole pieces, the number of sections in the armatun 
and the duration of the short eircnit which the brushy 
cause in any section of the armature. The adjustment ( 
the position of the collecting brushes is generally made h 



ICIOBPI 



a,ured t" 
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one coDTolutlon Is exactly ill the middle of lh« a 
ooiiTolutions exactly balB.dce, so that. tb< 
due to the single uonTolulion fiun»twli 
E.M.r. of the nischine. Thus there will 
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\ hand at the discretion of the utteudaDt, and is in some 
' cases fixed once for all to suit an ayerage condition of the 
I machine. We shall, therefore, treat A. the lead as an inde- 
L pendent variable, controlled by the attendant. 

Let / be total induction through the armature, /-|- /' 
I total induction through the magnets, /' being the waste 
I. Let C be current in armature, c in the magnets, 
I Let g 1' he the line integral of magnetic force from a point 
t on one pole piece to a point on the other; the line being 
I drawn external to the armature, g will be approximately 
I constant. Omitting as comparatively unimportant the 
I magnetizing force in the pole pieces and iron core of the 
armature, we have the following equations: — 

iJi m C + 21, -j- + >.f[^^j^) = 4t n c. 
When (7 = 0, we observed 



yI+amC.^(y-l) I 



I eliminating 1', 
,ii(./+4J,„0|(..-.)) + v| 
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The characteristic curve when C= Oh&iagI=F('i7tnc), 
we may write the above as the equatnoa of the charaotei- 
istic surface thus: 



i = i^4n-MC 



In applying this equation it must not be forgotten that 
the B. M. ¥. of the machine cannot be determined from / 




unless the commutation occurs at such a time that the coil 
being commutated embraces all, or nearly all, the lines of 
induction in the armature. 
This equatfoi) enables the characteristic surface to be 
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f constructed from the characteristic curve. Let L = 4:7enc 
(Fig. 35), LM=4m\0; draw MA' so that y^~~' 
through J'draw ordinate Kli, meeting characteristic curve 
in R; Avavi R (J parallel to i, meeting ordinate ^Z in Q; 

PS 



-1 A^ 



parallel to LM\ draw QF m that 
Then 



SQ 

a point on the characteristic 



I surface. 

A very important problem is to deduce the characteristic 
[ curve of a series-wound machine from the normal charac- 
I terifitic; in this case c = C, and we have 

I taking PR (Fig. 36) as ordinate of any point in tlie nor- 
mal characteristic, cut off QR equal to iXmC^' 

that is, draw Q so that 



^Ox = 



-iXmO, 



21,/ 



y - 1 A, 
V 2L 



^H tan 

^VThen P Q will represent the induction corresponding to 
^Bniagnetizingforce4ffU~ ~)'^- It is noteworthy that as 
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the cnrrent C, and therefore R, increases, PQ, the induo- 
tioD, will attain a maximum and afterwards diininish, van- 
iah, BJid become negHtive. That in Beries-wound machines 
the E, M. F. has a maximum valne has been many timee 
observed. The cause lies in the existeuce of a waste field 




rnot paHsing through the armature, and in the saturation of 
the magnet core. 
The effect of the current in tlie armature on the poten- 
tial between the brushes of any machine is the same sb 
that of an addition to the resiatance of the armature pro- 
portional to the lead of the brushes and to the ratio of the 
waste field to the total field, combined with that of taldug 

lund the magnets in direction 



\ 
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'■^posite to the current c. Tlie preceding iiiyeatigation fcella 
the whole story of a dynamo machiue, excepting only the 
relation of A to (7 in order that the brusheB may he so 
placed as to avoid Bparking. The only constant or func- 
tion which huB to he determined experimentally for any 
particular machine is v, the ratio of total to effective field; 
all the rest follows from the configuration of the iron and 
the known properties of the material. 

The following illustratioua of the effect of the current 
in the armature and the lead of the hrnahes are interesting. 
In both cases the magnet coils are supposed to be entirely 
disconnected, so that <: is zero. First, let A. he negative, 
short circuit the bmslies, and drive the machine at a cer- 
tain speed; alarge cnrreut will ho produced, the current in 
the armature itself forming the magnet.* Second, let A 
be positiye, cause a current to pass through the armature: 
She armature will turn in the positive direction and will act 
a motor capable of doing work. In either case, partic- 
ilarly the former, such use of the machine would not be 
practical, owing to violent sparking on the commutator. 
The following is a further illustration of the formula 
given above : If we could put up with the sparking which 
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the nonnal posltioa (^ = 0) the ciirrenc due Co resfdua 
p&rea. By giving the brushes a Binall positl™ Lead the 
nwrlf lero. By giving the brushes a Riitall negative lei 
ampftreB, the maiimum ineaaiireii by Ihe dynaniometei 
Tarylng Ihe lead It was easy to maintain a steady 
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would ensue, it would be possible to, make A negative in a 
generator of electricity, and thereby obtain by the reactions 
of the armature itself all the results usually obtained by 
compound winding. 

EFFICIENCY EXPERIMENTS. 

Having discussod the relations subsisting between the 
configuration of the magnetic circuit of a dynamo machine 
and the induction obtained for given magnetizing forcesj 
and having compared the results obtained by direct calcu- 
lation with the results of actual observation on a partic- 
ular machine, the construction of which we have described 
at length, it appeared of importance to determine the 
efficiency of the machine under consideration as a con- 
verter of energy, when used either as a generator of elec- 
tricity or as a motor. An accurate determination of the 
mechanical power transmitted to a dj-namo by a driving 
belt, or of the power given by a motor, presents formidable 
experimental difficulties. Moreover, if the mechanical 
power absorbed in driving the dynamo be measured di- 
rectly, any error in measurement will involve an error of 
the same magnitude in the determination of the efficiency. 
To avoid this difficnlty, we employed the following device: 

Let two dynamos, approximately equal in dimensions 
and power, have their shafts coupled by a suitable coup- 
ling, which may serve also aa a driving pulley; and let the 
electrical connections between the dynamos be made so that 
the one drives the other !ia a motor. If the combination, 
be driven by a belt- passing over the coupling pulley, the 
power transmitted by the belt is the waste in the two dya- 



DYNAMO-ELEOTRIC MACHINEltY. 



113 



I 



amos and tha conneetiona between them. By suitably 
varying the magnetic field of one of the dynamos, the 
power passing between the two machines can be adjusted 
as desired. If, then, the electrical power given out by the 
generator ia measured, and also the power transmitted by 
the belt, the efficiency of the combination can be at once 
determined. By this arrangement the measurement, which 
presents experimental difficulties, viz., the power trans- 
mitted by the belt, is of a small quantity. Consequently 
even a considerable error in the determination has but a 
small effect on the ultimate result. On the other hand, 
the measurement of the large quantity involved, viz., the 
electrical power passing between the two machines, can 
without difficulty he made with great accuracy. 

The second machine was similar in all respects to that 
already described, and each is intended for a normal out- 
put of 105 volts, 320 amperes, at a speed of 750 revolutions 
per minute. 

The power transmitted by the belt was mesBored by a 
dynamometer of the Hefuer-Alteiieck type, the general 
arrangement being as shown in the diagram. Fig, 37. A 
is the driving pulley of the engine, B the driven coupling 
of the dynamos; D, D are the guide pulleys of the dyna- 
mometer, carried on a double frame turning about the ful- 
crum C, and supported by a spiral spring, the suspension 
of which can be varied by a pair of differential pulley 
blocks attached to a fixed support overhead. When a read- 
ing ia made, the suspension of the spring is adjusted until 
the index of the dynamometer comes to a fiducial mark on 
a fixed scale; the extension of the spring is then read by a, 
second index attached to its upper extremity, F, F are two 
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fixed guide pulleys of the same diameter as the palleys I 
D, and having the same distance between thuir centres, i 
order that the two portions of the belt may he parallel aai 
the aag lis fitr aa possible taken np, The normal from ( 





to the centre line of either portion of the belt between thm 
pulley B and the guide pulleys = 31.9 cms. The norm 
from C to the centre line of either of the parallel ] 
tions of the belt = 3.4 cms., and from to the centre 1 
of the spring = f)2.7 cms. 

Take momenta about C; then 



Tension of the belt = 




„~-„ X tension of spring, 
2.7 X tension of spring. 



AIbo the diameter of the pulley B = 33.6 cms. andthj 
thickness of the belt = 1.6 cm. 

Hence the velocity of the centre of the belt in centimN 
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tres per second = 1.845 X revohitions of dynamo per minute, 
iind, therefore. 

Power transmitted by the belt in ergs per second = 2.7 X 
1.845 X 981 X tension of spring X revolutions per minute, 
aaauming the value otg to be 981. 

We may more conveniently express the power in watts 
{= 10' ergs per second), and write 

Power in watts = 0.000488? X tension of spring 



X revolutions per minute. 



The potential between the terminals of the generator 
was measured by one of Sir William Thomson's graded 
galvanometers, previously standardized by a Clark's ceil, 
which had been compared with other Clark's cells, of which 
the electromotive force was known by comparison with 
Lord Hayleigh's standard. The current between the two 
machines was measured by passing it through a known re- 
eistauee, the difference of potential between the ends of the 
resistanee being determined by direct comparison with the 
Clark's standard cell, according to Poggendorff's method. 
As experiments were made with currents of large magni- 
tude, it was important that the temperature coefficient of 
the resistance should be as low as possible. To this end 
we found a resistance frame constructed of platinoid wire 
of great value. The temperature coefficient of this alloy 
is only 0.021 per cent, per degree Centigrade. (Proc. Boy. 
Soc, voh xxsviii, 1885, p. 2li5.) 

The resistances of the armatures and magnets of the 
two machines are as follows : — 
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Ohms. 

Generator, . . . armature, . . . 0.009947 



inagueta, 

Motor, .... armature, 

magnets, 



. 16.93 

. 0.009947 

. 16.44 



Tbe resist an CB of the bmla eonneeting the two macMnel 
was 0.00S05 ohm, and ol the standard resistance 0.0058SJ 
ohm. 

In all determinations of resistance the value of the B. j 




ohm was taken as 0.9867 X 10' C. G-. S. units, according ti 
Lord Eayleigh's determination. 

The diagram, Fig. 38, shows the electrical connectioa 
})etween the two machines with the rheostat r inserted | 
the magnets of the motor dynamo. 
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In order to ascertain the friction of bending the belt 
round the pulley B, and of the journals of the dynamo, a 
preliminary experiment was made with the dynamometer. 
The combination was run at a speed of 814 revolutions per 
minute with the dynamos on open circuit, and the tension 
of the spring observed — 9,9'('!) grams. The engine was then 
reversed and the dynamos run at the same speed, and the 
tension of the spring again observed— 3,629 grams. The 
difference of the two readings gives twice the power ab- 
sorbed in friction, viz., 1,262 watts for the two machines, 
or 631 watts per machine. This is excluded entirely from 
the subsequent determinations of efficiency, as being a 
quantity -dependent on such arbitrary conditions as the 
lubrication of the jounials, the weight of the belt, and the 
angle it makes with the horizontal. 

In Table V., column I. is the speed of the dynamos; 
column II. is the reading of the spring in grams; column 

III. is the power transmitted by the belt in watts; column 

IV. is the potential at the terminals of the generator; 
column V. is the current passing in the external circuit be- 
tween the two machines; column VI. is the resistance in- 
troduced into the magnets of the motor by the rheostat; 
column VII. is the power absorbed in the armature of the 
generator; column VIII. is the power absorbed in the 
armature of the motor; column IX. is the power absorbed 
in the magnets of the generator; column X, is tlie power 
absorbed in the magnets of the motor; column XI. is the 
power absorbed in the connecting leads between the two 
dynamos, in the rheostat resistance r, and in the standard 
resistance used for measuring the current; column SII. is 
the total electrical power developed in the generator; col- 



^r 118 DYNAMO MACHINEKT ASD ALLIED SDBJECTS. ^M 
■ TABLE V. ^1 


I < 

1 i 


„&. 


u. 


WatU. 


rv, 

Volu. 


Ampin*. 


VI. 
Ohms 


vn. 

Wattt. 


1 

1 

7M 
SOS 


IS 


i'ii 

aim 


1 

lit 

1(6 


i 


31.« 

8S1.0 
358.0 
360.0 
3W.0 
448.0 




7i 

BB 
09 
59 
09 


IS 

75 
SB7 
HI7 

I'saa 

i,ar. 

if 


H 


vni. 

Wftiw. 


IX. 


wii. 


XL 

WattB. 


will. 


xm. 


XIV. 
WMU. 


if 


1 


Ml 

TOO 
895 

nm 
wn 


a«8 

iliai 
una 

1.870 


4,™) 

i'i 
11 

ii 

5;999 


ass 
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''168 
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T,OM 


H nmn XIII. ia half the power ahsorbed by the combinatioit^B 

H less the known Iobsbb in the armaturea, magneta, and ex- 
^M temal connections of the two machines; cohimn XIV. is 
^M the total mechanical power given to the generator, being 
H the Bnra of the powers given in colunma XII. and XIII. h 
H In Table VI. the percentage losses in the armature and fl 
H magnels of the generator are given, as also the sum of aU^| 



DYNAMO-ELECTEIC MACHINEEY. 



119 



TABLE VI. 





I. 


n. 


ni. 


IV. 


V. 


VI. 




Percent. 


Per cent. 


Per cent 


Per cent. 


Per cent. 


Per cent. 


1 


0.24 


18.20 


12.76 


68.8 


57.28 


39.40 


2 


0.63 


8.93 


6.76 


84.58 


82.99 


70.19 


3 


1.22 


4.27 


4.52 


90.00 


90.15 


81.13 


4 


1.53 


3 52 


2.66 


92.28 


92.65 


85.49 


5 


1.83 


2.94 


2.415 


92.80 


98.12 


86.42 


6 


3.09 


1.71 


2.10 


93.10 


93.30 


86.86 


7 


3.17 


1.67 


1.93 


93 23 


93.39 


87.07 


8 


3.17 


1.67 


1.93 


93.28 


93.43 


87.10 


9 


3.51 


1.75 


1.59 


93.39 


93.50 


87.82 


10 


4.43 


1.19 


0.98 


93.39 


93.36 


87.19 


11 


0.35 


11.9 


15.1 


72.65 


65.77 


47.78 



other losses as obtained from column XIII. in Table V.; 
also the percentage efficiency of the generator, of the motor, 
and of the double conversion. Column I. is the percentage 
loss in the generator armature; column II. is the percent- 
age loss in the generator magnets; column III. is the per- 
centage sum of all other losses in the generator; column 
IV. is the percentage efficiency of the generator; column 
y. is the percentage efficiency of the motor; column VI. 
is the percentage efficiency of the double conversion. 

In this series of experiments, in all cases from Nos. 1 to 
10 inclusive, the brushes, both of the generator and motor, 
were set at the non-sparking point; but in No. 11 no lead 
was given to the brushes of the generator, and consequently 
there was violent sparking throughout the duration of the 
experiment. 

In No. 12 the magnets were separately excited with a 
current giving 113.5 volts across their terminals. The 
power absorbed must be due entirely to local currents in 
the core of the armature and to the energy for the reversal 
of magnetization of the core twice in every revolution of 
the 5»rmature, 
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K& IS gim the leaikK «! t^ i hiiiImibIi on tha bio- 
titm at t^ bcHi^i ^a n hesfae tlM bA alnady 
refened Idl 

It win faeobacTTedaM ^ ^nv ia oliBm XIIL ate 
calculated br ieimrtimg dtt {p^rer lAi^rtnd in Ae anna- 
toree aod MjgMto and In* cxtt^noBB mnitsiiott bim tlie 
total power giv« to the ca^lntfiaB as »eagn.rod by tlie 
drnamoiiiFtcr. l^e; MBst dative mdade all tbeemvgf 
dlBsipaled in the eon of the ai— lau^ ■mhetha in looil 
currents or in the nwml at ita ■agaetnatioD ; also the 
en«rgT dissipated in local aureate ia tte pcfc fiteea, if , 
such exist ; also xbe taterj^ sptat in teranta^ tfae direetioa 
of the cinT«ni in each ooBToiatioB of the annatore as they 
are enccesEiTelj dunt ctrcaited hj the facasfae& Farther, 
it will inclade the mate in all the ooaneftions of the ma- 
chine from the conunntatta- to ita tmainale and the friction 
of the bmshes agunst the CMnmatator. A separate experi- 
ment was made to detennine tfae amoont of this last 
constituent, but it was found to be too mnall to be capable 
of direct measarement bv the dmamometer. MoreoTer, 
from the maimer in which tbe figures in this column are 
deduced, any error in the dynamometric measurement will 
appear wholly in them. Since, undoubtedly, the first two 
components enumerated are the most important, and the 
conditions determining their amount are practically the 
same thronghont the series, the close agreement of the 
figuroH in the column is a fair criterion of the accuracy 
of the observations. Probably 100 watts is the limit of 
error in any of the measurements. Such an error would 
affftct till! determination of the efficiency when the machines 
were workingup to tlieir full power by less than i per cent. 
I been assumed that the sum of these losses is 
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iqually divided between the two machines. This will not 
■ accurately repreBent the facts, as the intensities of the 
W fields and the carrents passing through the armaturCB 
differ to some extent iu the two machines. The inequality, 
however, cannot amount to a great quantity, and if it 
diminishes the efBeiency of the generator it will increaae 
the efficiency of the motor hy a like amount, and contrari- 
wise. In No. 11 of the series the effect of the sparking at 
the broBhes of the generator is very marked, the power 
wasted amounting to at least S50 watts. 

If it be assumed that the dissipation of energy ia the 
same whether the magnetization of the core is reversed by 
diminishing and increasing the intensity of magnetization 
without altering its direction, or whether it ie reversed by 
turning round its direction without reducing its amount 
. to zero, a direct approximation may be made to the value of 
jkihis component. (J. Hopkinson, Phil. Trans., vol. clxxvi, 
|1885, p. 455.) 

The core has about 16,400 cubic centimetres of soft iron 
Jilates; hence loss in magnetizing and demagnetizing when 
Jte speed is 800 revolutions per minnte = 16,400 X ^V X 
[13,356 ergs per second = 293 watts. 

Eeferring to Table VI., it appears that the efficiency ap- 
proaches a maximum when the current, passing externally 
jetween the two machines, is about 400 amperes. Let G 
be the current in the armature, p its resistance, W the 
power absorbed in all parts of the machine other than the 
lumature; then, if the speed is constant, the efficiency ia 

otive 



, where 



EC 
botive force, This is a maximum wher 



the electro- 



> + C/J ia a 



I 
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iiiiiiiiuiim, wliich oucura when W~ Cp; when the Iobb in 
the uriiiature is equal to the Bum of all other losses. For 
the muohint!S nnde^r consideration tho experimental resulte 
verify this deduction. But in actual practice the rate of 
generation of heat in the armature conductors, when a 
current of 400 ampOres was passed for a long period, would 
bu BO great as to trench upon the margin of safety de- 
Birablo in such machiueu. Of the total space, however, 
Hvuilable for the disposition of the conductors, only about 
one fourth part is actually occupied by copper, the re- 
mainder being taken up with insulation and the inter- 
stioeti loft by the round wire. If the space occupied by 
the copper sliould be increased to three fourths of the totij 
Bpacu available, while the cooling surface remained the 
Bamo, the current could be increased 75 per cent, and the 
eftlcioncy iucroascd 1.3 per ceut. approximately, as all 
loKSCH other tliau that in the armature wires would not be 
matoriully altered. 

The lOBM in the magnets is also susceptible of redaction. 
It has already been shown that for a given configuration 
of the magnetic circuit and a given electromotive force the 
aection of the wire of the magnet coils is determinate. 
The length is, however, arbitrary, since within limits the 
number of ampi^re convolutions is independent of the 
length. An increase in the length will cause a propor- 
tionate diminution in the power absorbed in the magneli 
coils. If the surface of the magnets is sufficient to diBsi- 
piite all the heat generated, then the length of wire is: 
properly determined by Sir William Thomson's rule 
the cost of the energy absorbed must be equal to the OOH- 
tinuing cost of the conductor. 



t 
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APPENDIX. 
{Added Aug. 17.) 



Since the reading of the present communication esperi- 
ments have been tried on muchineH having armatures 
wound on the plan of Gramme and with differently ar- 
ranged magneta; the experiments were carried out in a 
closely similar manner to that already described. 



DESCHIPTION OF MACHIMES. 

The construction of these machines is shown in Figs. 39, 




40, and 41, of which Fig, 39 shows an elevation, Fig. 40 a - 
section through the magnets, Fig. 41 a longitudinal sec- 
tion of the armature. It will be observed that the magnetic 
oircttit is divided. The pole pieces !iro of cast iron and 
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are placed above and below the armature and are extended 
laterally. The magnet cores are of wrought iron of cir- 
cular section and fit into the extensions of the cast iron 




pole pieces bo that the area of contact of the cast iron is 
greater than the area of Bection of the magnet. The mag- 
netizing coils conaiat of 2,196 convolutiona on each limh 




of copper wire, No. 17, B.W.G,, in No. 1 machine, and 
2,333 convolntions in No. 2 machine. The pole pieces are 
bored to receive the armature, leaving a gap on either side 
eabtending an angle of 41° at the axis. 
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The bearings are carriDd upon an extension of the lower 
pole piece. 

The following table givea the principal (iimenaions of 
the magneta in No. 1 machine: — 

Length dE iDBKnet limbB between pole pfecus HB.O 

Uuneter of magnet limb U.M 

Width or pole piece panllel to the shaf C M.l 

WldOl of gBp between poles S.a 

The armature is built up of plates as in the machine al- 
ready described, and is carried from the shaft by a brass 
frame between the arms of which the wires pass. 

The principal dimensionfi are as follows: — 



niftineter oC bole Uirough core : 14,0 

Length of core over rndplttlBS M.l 

The core is wound on Gramme's principle with 160 con- 
Tolutions, each consisting of a single wire, No. 9, B.W.G., 
the wire lying on the outside of the armature in u single 
layer. The commutator has 40 bars. 

This dynamo is compound wound, and is intended for a 
normal output of 105 volts, 130 amperes, at a speed of 
1,050 revolutions per minute. The resistance of the 
armature is 0.047 ohm, and of the magnet shunt coils 26.87 
ohms. 

There is here no yoke, and consequently A^ and /. do not 
appear in the equation. 

It is necessary to bear in mind that the magnetizing 
force is that due to the convolutions on one limb, and that 
theareas are thesumsof tlieaieaaoltVQ\.^o\\Q^cn. 'V&.cn:^- 



I 
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eulating iudnction from E.M.F. it is also neeesaary to remem- 
ber that two conTolutions iu a Gramme count as one in a f 
Hefner-Alteneek armatare. 

A^; — the section of the core is 245 sq. ems,; allowonceH i 
for insalation reduce this to 220.5 sq. cms. 

l^; — this is assumed to be 10 cms., but it will be seen ] 
that an error in this value has a much more marked j 
effect on the characteristic in this machine than in the j 
other. 

-4,; — the angle subtended by the bored face of the I 
pole pieces is 139°; the mean of the radii of the pole pieces J 
and the core is 13.45 cms. Hence the area of 139° of ] 
the cylinder of this radius is 768.3 sq. cms.; add to this a ] 
fringe of a width 0.8 of tlie distance from core 
pole pieces, as already found necessary for the other ] 
machine, and we haye 839.5 sq. cms. as the value of A , 



A, IB 365 sq, cms, (i.e., the area of two magnet cores). 
2, is 26.0 cms. 

A^ ia taken to be 538 sq. cms., viz., double the smallest | 
section of the pole piece. 

Z, is a very uncertain quantity; it is flsaumed to be 15 ^ 
cms. 

The expression already used requires slight modification. 
Inasmuch as the pole pieces are of cast iron, a different ) 
^L function must be used. Different constants for waste field ] 
^K must be used for the field, the pole pieces, and the magnet \ 
^1 core. We write 

L 



'■^h^ 
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The function _^ is taken from Hopkiiison, PAi7. Trans.,\o\, 
clxiri, 1885, p. 455, Plate 53. c„ i'„ aud f^ were deter- 
mined bj experiment, as described below; their values are 



z 1.05 
= 1.18 
= L49 



(Comparing the curves in Figs. 38 and 29 with that in 
FigB. 42 and 43, the most notable difference is that in the 
present case the armature core is more intensely magnetized 
than the magnet cores. No published esperiment-a exist 
giving the magnetizing force required to produce the in- 
duction here observed in the armature core, amounting to 
a maximum of 30,000 per sq. em. We might, however, 
make use of such experiments as the present to construct 
roughly the carve of magnetization of the material; thns 
we find that with this particular sample of iron a force of 
740 per cm. is required to produce induction 20,000 per sq. 
cm.: this conclusion must be regarded as liable to consider- 
able uncertainty. 

The observations on the two machines are plotted to- 
gether, but are distinguished from each other aa indicated. 
They are, unfortunately, less accurate than those of Figs. 28 
and 2i), and are given here merely as illustrating the method 
^^ of synthesis. 



EXPERIMENTS TO DETEEMIITB 1 



The method was essentially the same as is described on 
96 to 99, and was only applied to No. 1 machine. 
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Referring to Fig. 44, ii wire A A was taken four times roand 
the middle of one limb of the magnet, a known current waa 
suddenly passed round the magnets, and the elongation of 
the reflecting galvanometer wajs observed : it was found to 
bo 214 stale divisions, giving 107 as the induction through 




the two magnet limbs in terms of an arbitrary nnit, 
coil wua moved to the top of the limb as at B B; the eloi^ 
gation was reduced to 206, or 1(1-1 for the two limba; 
take the mean induction in the magnet to be 105. 
was taken three tinii-s round the whole armatcre in a hori- 
zontal plane as at C; the elongation observed waa 222 
divisions or 74 in terms of the same units. A wire was 
taken four times round one half of the armature as at ^ Di 
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[he elongatiou wae 141, or induction in the iron of the 
lature 70.5, whence we have 

It may be well to recall here thiit v, ia essentially depend- 
ent on the intensity of the field; strictly the line B in 
Figs. 43 and 43 should not be straight, but slightly curved- 
Four coils were taken round the upper pole piece at E E^; 
the elongation was 159,giving 79.5 on the two sides. Goila 
at F F gi've a higher result, S7.3, owing to the lines of in- 
duction which pass round by the bearings of the machine, 
and acroBB to the upper ends of the magnets, v^ is taken 

total! = 1.18. 



EFFICIENCY EXPERIMENTS. 

The method and instrumenta were those already de- 
, pp. 110 to 113, excepting that the current was 
measured by a Thomson's graded galvanometer, which had 
jeen standardized against a Clark's cell in the position and 
^t the time when used. The resistance of leading wires 
Pand galvanometer was 0,034 ohm, the series coils introduced 
for compounding the machines were also brought into use, 
and the losses due to their res i stance (U.034 ohm) findaplace 
in columns XII. and XIII. of Table VII., in which column , 
LI. is lead of brushes of the dynamo, positive for the gene- 
rator, negative for the motor; column II., revolutions per 
oinute; column III., deflection of spiiu^ \u grame,-, •wSsOTKa. 
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TABLE Vn. I 


i 


Dei^. 




Watts 


V. 

TolOi. 


VI. vn. 

Amp«ire3 Dbmt. 


s. 1 


17.5 

S 


IMS 


7711 

area 


1083 


•Si 


1S9.0 


is.a 


d 


m 




IX. 

Wbim. 


WattH. 


XL 

WaK 


. ^L 


SOL 
Walls 


Wstta. 


sv. 

Watts. 


XVI. 


.^1 


80G 


MO 
40S 


IX 


197 


464 


f« 


16,390 
5.01S 
l.«3T 


1*8 


^ 


• IB thta e«perimeuc the direction of the CQcrent iMd become rBTeraed. ud 

IV., watts by dynamometer; column V.,voltsattermmal8of 
generator; column VI., amptrea in extertial circuit; column 
VII., rheostat resistance; column VIII., watts in generator 
armature; column IX., watts in motor armature; column 
X., watts in generator shunt magnet coils; column XI^ 
watts in motor shunt; column XII., watts in generator 
series maguet coils; column XIII., watts in motor aeries;, 
column XIV., watts in external resistances; column XV., 
total electrical power of generator; column XVI., half the 
sum of losses unaccounted for; column XVII., total me- 
chanical power applied to generator, 

TABLE VIII. 




Generator Genemtor G 
A,™tu™| 8hX. 


Coils. 


^. 


Generato 


. Motor, 


^£?,s;l 


i 


E.!l 1 E.S 
B.O T.S 


8,0 


I.B 


Hi 


89,0 

m.a 


.J 


1 


k^ J 
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Table VIII. gives the losses and efficiencies as percent- 
ages in exactly the same way as in Table VI., excepting 
that another column is introduced for the loss in the series 
coils of the magnets of the generator. 

The core of the armature contains about 6,500 cub. cms. 
of iron. Hence energy of magnetizing and demagnetizing 
when the speed = 1,100 revolutions per minute = 6,500 X 
1,100 



60 



X 13,356 in ergs per second = 159 watts. 
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I 



The folloving is intended as the eompletlon of a f 
by Dw, J. and E, Uopkinson {Phil. Trans., ISSfiJ.f Thai) 
motive is to verify by experiment theoretical results con- 
oeming the effect of the currents in the armature of djoa- 
mo nuichitteft on the amoant and distribution of the mag- 
netic field whieh were given in that Paper, but which were J 
left without verification. For the sake of completeness,.! 
part of the work is given over again. 

The two dynamos experimented upon were constructed 
by Messrs. Sieniens Brotlters & Co., and are identical as 
far as it is poasible to make them. They are mounted 
upon a common base plate, their aslea being coupled to- J 
gether, and are referred to in this Paper respectively i 
No. 1 irad No. 2. 

Each dynamo has a single magnetic circuit consiBting of 
two vertical limbs extended at their lower extremities to 
form the pole pieces, and having their upper extremities 
connected by a yoke of rectangular section. Each limb, 



I 

<i 
A 

I 



•Uni 



IhM niy brottii^r. Dr. E, Hopkli 
out nKlr dM the moHt laborious 
bin propur share to whatevnr I 
Ibe Paper, -J. H. 

ITha Paper Lere reterred Vi la that reprinted on pages 79 to IBS of 
TOluma. 



ippearlnf- in (bis abort F 
^rt in the earlier PapHT. H» J 
mental work, but contrlbuM" 
'rit in ihe th^'oreiiisl port ol 
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together with its pole piece, is formed ol a single forging 
of wrought iron. These forgings, aa also that of the yoke, 
huilt up of hammered scrap iron, and afterwards care- 
fully annealed. Giin-metal castings bolted to the base 
plate of the machine support the magnets. 

The magnetizing coils on each limb conaiet of siiteen 
layers of copper wire 2 mms. in diameter, making a total of 
3,968 convolntioES for each machine. The pole pieces are 
bored ont to receive the armature, leaving a ga]) above and 
below subtending an angle of 68° at the centre of the shaft. 
The opposing sui'faees of the gap are 1.4 cm, deep. 

The following table gives the leading dimensions of the 
machine :— 



I.engtb of yoke .. 
Wldtbatjoke... 
Deplhof ;oke.... 
DltMnce between 



The armature core is built up of soft iron disks. No. 24 
B. W. G., which are held between two end plates screwed on 
the shaft. 

The following table gives the leading dimensions of the 
arm&ture ; — 



Diameter of core 18.41 

IMBinBter of shaft 4.7B 

lenitth of core 5S,1Q 
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The core is wound longitudinally according to the Hef- 
1 Aiteneck principle with 208 bare made of copper 

^Mch 9 mtiiB. deep by 1.8 mm. thick. The commata- 

^ b formed of fifty-two hard drawu copper segments in- 

fauUted with mica, and the connections to the armatare bo 

niadfi that the plane of commutation in the commutator is 

vertical when no current is passing through the armature. 

Kftfjli dynamo is intended for a normal output of SO am- 
ptre«, 140 volts, at 880 revolutions per minute. The reaist- 
ftoco of the armature measured between opposite bare ot 
the commutator is 0,042 ohm, and of each magnet coil 
13.3 ohms. 

In the machine the aiTnature core has a greater cross 
vcction than the magnet cores, and consequently the mag- 
netizing force used therein may be neglected. The yoke 
hfus the same section aa the magnet cores, and is therefore 
included therein, as is also the pole piece. The formula 
connecting the line integral of the magnetizing force and 
the induction takes the short form 



4 jr « c : 



= -.i+'./(x> 



where 
n IB the number of turns round magnet; 
c is the current round magnet in absolute measure; 
I, the distance troni iron of armature to rim of magnet; 
A, the corrected areaof field; 
/the total induction through armature; 
I, the mean length of lines of magnetic force in magnets; 
A, the area of section of magnets; 

»i%it IVam., IBSfli iiagB 88 otlbifl volume. 
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^H V the ratio of induction in magnets to induction in ar- 
^H mature 

^B f the function which the magnetizing force is of the in- 
^^1 duction in the caBe of the machine actually taken 

^H from Dr. J. Hopkinson on the " Magnetization of 
^1 Iron," PMl. Trans., 1885, Figs. 4 and 5, Plate 47. 
^H In estimating A^ we take the mean of the diameter of 
^V the core and of the bore of the magnets 19,S cms., and the 
^1 angle subtended by the pole face 112", and we add a fringe 
^t all round the area of the pole face equal in width to the 
distance of the core from the pole face. This is a wider 
fringe than was used in the earlier experiments,* because 
the form of the magnets differs slightly. The area bo 
estimated is 906 sq. cms. 
I, is taken to be 108.8 cms, 
A, is 435.5 B{|, cms, 

V was determined by the ballistic galvanometer to be 
1,47. It is to be expected that, as the core is actually 
greater in area than the magnets, r will be more nearly 
constant than in the earlier experiments. It was found to 
be constant within the limits of errors of obseryation. 

Referring to Fig. 45, the curve Cis the curve 2= '•/(j )' 

and the straight line B is the curve x = 21, -j-, while the 

I full line D is the characteristic carve of the machine, 
as given by calculation. 



• FUl Tram., 1866; page 05 ot lh\!i ')o\wae. 
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The marks + indicate the resnlts of actual obBerratiooB 
on macbine No. 1, and tlie marks I) the resclts on machine 
No. 3, the total inductiou 1 being giveu by the equation : — 

J _ potential difference in volts X 10' 
" 208 X rcTolntiona per second 

Experiments made npon the power taken to drive th« 
machine under different conditions show that it takes aboal 










L^ 




- _ 


J_ 


_*- 


— 


V 




B/ 














/ 




^ 
















// 
















, / 


f 
















/ 


Lms 


.te^r.! 


of MSK 


,..i.l. 


f™ 







250 watts more power to turn the armature at 660 revolu- 
tiouB when the magnets are normally excited than when 
they are not excited at all. The volume of the core ie 
9,465 cub, cms., or in each complete cycle the loss per cubic 

^. ^ . 250 X 10' „. „_ _ 
centimetre is f fO 946 5 = 24,000 ergs. 

The loss by hysteresis is about 13,000 (Phil. Trans., 
1885, p. 463) if the I'eversnis are made by variation of ia.« 
tensity of the magnetiaiug force and the iron is good 
wrought iron. This result is similar to that in the earlier 
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Paper,* where it ia shown that the actual loss in the core, 
■when mugiietized, is greater than can be accounted for 
by the known value of hysteresis. 



EFFECTS OF THE CL'KREXT IS THE ARMATURE. 

Quoting from the Royal Society Paper [page 103 of this 
' Tolume], " The currents in the fixed coils around the mag- 
nets are not the only magnetizing forces applied in a 
dynamo machine^the currents in the moving coils of the 
armature have also their effect on the restiltant field. 
There are in general two independent variables in a 
dynamo machine — the current around the magnets and 
the current in the armature; and the relation of E. M. F. 
to currents is fully represented by a surface. In well con- 
structed machines the effect of the latter is reduced to a 
minimum, but it can be by no means neglected. When a 
section of the armature coils is conimutated, it must inevi- 
tably be momentarily short circuited; and if at the time of 
commutation the field in which the section is moving is 
other than feeble, a considerable current will arise in that 
section, accompanied by waste of power and destructive 
eparking. . . . 

" Suppose the commutation occurs at an angle A. in advance 
of the symmetrical position between the fields, and that the 
total current through the armature be C, reckoned positive 
in the direction of the resultant E. M. F, of the machine, 
■(.e., positive when the machiiiB is used as a generator of 
electricity. Taking any closod line through magnets and 
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amuture, symmetriallT drawn as J £ C Z> f F J [Fi£. 46], 
it is obvious that the line integnl of mugnetic force is di- 
minished bj the CMirent in the armatare incloded between 
angle 1 in front and angle X behind the plane of symme- 
try. If nt be the nnmber of conTolutioas of the ammtnre, 

the Talne of this magnetizing force hixC — ~^^ = iXmC 

opposed to the niagneiinng force of the fixed coils on the 



a; jF 



magnets. Thna if we know the lead of the bmshes and the i 
cnrrent in the armature we are at once in a position to cal- 
culate the effect on the electromotive force of the machine. 
A further effect of the current in the armature is a material , 
disturbance of the distribution ot tK« miuctvou ovqt t 



r 
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iored face of the pole piece; the force along li C [Fig. 
4G] is hy no means equal to that along DH. Draw the 
closed curve BC G HB, the line integral along C G, and II B 
is negligible. Hence the difference between force H and 

B C'is equal to 4 t C -5 — = 2 «■ wi C, where k k the angle 

COG," 

To verify this formula is one of the principal objects of 
this Paper, 

A pair of brushes havitig relatively fi d po t b near 
together, and insulated from the f am a d f m one 
another, are carried upon a divided 1 an 1 l upon 
the commutator. The difference of p t nt al 1 tw these 
brushes was measured in various positions round the com- 
mutator, the current in the armature, the potential differ- 
ence of the main brushes, and the speed of the machine 
being also noted. 

The results are given in Figs. 47, 48, 49, and 50, in 
■which the ordinates are measured potential differences, 
and the abBcissaj are angles turned through by the ei- 
jloring brashes. The potential differences in Fig. 47 
"were measured by a Siemens voltmeter, and eat'h ordi- 
nate is therefore somewhat smaller than the true value, 
owing to the time during which the exploring brushes 
were not actually in contact with the commutator seg- 
ments, Bnt this does not affect the results, because the 
area is reduced in the same proportion as the potential 
differences. In Pigs. 48, 4i), and 50 the potential differ- 
ences were taken on one of Sir William Thomson's quad- 
rant electrometers, and are correct. 

Take Fig. 47, in which machiue So. \ \% a. ^sstiiiT^uOT. K 



I 
I 
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centimetre horizontally represents 10° of lead, and tba 
ordinates represent differences of potenti^ between the 
bmalies. The area of the cnrre ia 61.3 sq. cms., and repre- 

eenta 130 Tolts and a total field of f^^ >^ ^ X l"* 

= 4.31 X 10' lines of indnetion. This is, of courae, not the 
actual field, which is 3 per cent, greater on account of the 




reaiatance of the armature, but is represented by an area 3 
per cent, greater. An ordinate of 1 cm. will represent an 
,4.31 

^Tr3> 

of 10° is 39.5 X 1.73 = 68.3 aq. cms.* Hence an ordinate 
of 1 cm. represents an iuduction of 1,034 lines per square 
centimetre. The difference between ordinates at 60° and , 
140° is 2.5 ; henee the difference of induction is actually i 
2,5G0. Theoretically, we have /f = -j wm = 104 £7 = 
Therefore '2 kihC = 3,073, and this is the line integral of J 
magnetizing force round the curve. 
Let A be the induction at 50" and A-^-S bA 140°: these' 1 
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also are the magnetizing forces. Hence {A + d) 1.4 — A 1.4 
= 2KmC ; 6 = 2,200, as against 2,560 actually observed. 
Take Fig. 48, in which No. 2 machine is a motor. The 

total field = ^ X ^i X 10' = 5.15 X 10* lines of induc- 

104 20 

tion. Since the area of the diagram is 53.5 sq. cms., an 



ordinate of 1 cm. = 



5.15 
53.5 



X 10' = 96 X 10* lines of indue- 
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Fro. 48. 



210 



tion in 10°. Hence an ordinate of 1 cm. represents an 

- = 1,400 lines per square centimetre. 



induction of 



68.3 



The difference between ordinates at 320° and at 230° is 2.0; 
hence the difference of induction is actually 2,800. Theo- 

^- n 1. 2 /cm (7 3i^ X 104 X 11.4 _ ^_^ 
retically, we have — —^ — = — =-j = 2,666, as 

against 2,800 actually observed. 

In Fig. 49 No. 1 machine is a generator. The total field 

= .^ X T^ X 10' = 3.97 X 10' lines. The area of the 
104 12.6 

diagram is 90.9 sq. cms., and therefore an ordinate of 1 cm. 
= ^ X 10' = 4.37 X 10* Unes in 10°. Hence an ordi- 
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H tut« o( 1 cm. ropreeenta an induction of -' — = 639 ^M 
B Hum per Bquaro tuntiraetre. The difference between ordi- ^M 
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a at 50" and at 140° ie 4.5; hence the differeno 
etion IB actimlly 2,877. Tlieoretically, we have ^ 

1 Pig. 50 No. 2 machine is a motor. The total 
1^ X j^ X 10* r= 4.9G X 10' lines. The area of 
Tarn is 113.3 sq. cms., and therefore an ordinate of ] 
^ X 10' = 4.42 X 10' lines in 10°. Hence an c 

of 1 cm. represents an induction of ^^ X 10' = 

per square centimetre. The difference between c 
s at 323' and at 233° ia iJi; hence the diflen 
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of induction is actually 2,718. Theoretically, we have 

2 /cm (7 31 X 104 X 12.3 ^ „^^ 
— J — = — YT^ = ^>^^^> ^ against 2,718 act- 
ually ohserved. 
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At page 108 of the preceding Paper on Dynamo-Electric 
Machinery it is shown that 

where J= F{4: ;r w c) is the characteristic curve when 0= 0, 
and X is the lead of the brushes. 

The following is an endeavor to verify this formula. 
The potentials both upon the magnets and upon the 
brushes were taken by a Siemens voltmeter, and are rough. 
The speeds were taken by a Buss tachometer, and there is 
some uncertainty about the precise lead of the brushes, 
owing to the difficulty in determining tbi^ ^T^<i\&^ ^<5>'»JC\^'vs. 
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of the symmetrical position between the fieldsj and also fc 
the width of the contactg on the commotator. 

It was necessary, in order to obtain a marked effect ot 
the armature reiuition, that the magnet field Bhonld I 
comparatively Bmall, that the cnrrent in the armature 
should be large, and the leads of the brushes should I 
large. 

The two machinea had their axles coupled so that Ko. 1 
could be run as a generator, and No. 2 aa a motor. Th( 
magnets were in each case coupled piirallel, and excited 1^ 
a battery each through an adjnstable resistance. The two* 
armatures were coupled in series with another batteiy, and 
the following observations were made: — 





PoWnliftl on 


Potential on 


X£,r 


CTirreiit in 
Ampem. 


^sM 


Ho. 1 


84—94 


K 


s 


iw-ioa 
los-ios 


A 


From which we 


infer:— 


1 




laS^neu" 


4-ne. 


tlal7orHaslBttti.OT 
ot Armature. 


Total ■ 


So.S 


i.?. 


B.900 
lO.TSO 


r, 


ISiS 1 



Aa there was uncortainty as to the precise accuracy i 
the measurements of potential, it appeared beat to remea 
ure the potentials with no current through the armatai 
with the Siemens voltmeter placed as in the last expei 
ment. Each machine waa tkeTefore run on open circa 
with ita magTieta excited, aT\4'Aa'5o'WTi^K*'«fl&-(B.'«i»m^ 
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No. 1 
No. 2 



Fbtential on Mag- 
nets in Yolts. 



25-25 



Potential on 
Brushes. 



90—90 
79-80 



Speed per 
Minute. 



880 
716-710 



Potential at 
880Bevs. 



90.0 
96.2 



From which, since the formula is rednped to 






the characteristic being practically straight, we infer: — 




Potential on 
Magnets. 


Potential on 
Brushes. 


Induction, 


No. 1 
No. 2 


24 
29 


86.4 
101.7 


2.82 xlO« 
8.80 xlO« 



We have further: — 
.1 = 0.45 for No. 1; 



4mC7 



= 2,920; 



X = 0.5 for No. 2; 

^1^ 4:mC^ = 443,800. 



No. 


4\mC 

V 


''"^4Xm4« 
V 2fs 


4XmC 


^(w-^^-:^ 


^(4«.c-^^;»^)- 


V 


=^^'»^- 


1 
2 


1,814 
1,460 


199,700 
221,900 


7,686 
9,290 


2.41 xlO« 
2.90x10* 


2.21 X 10« 
2.68x10* 



It has already appeared that experiment gives for / in 
No. 1 2.3 X 10*, and in No. 2 2.65 X 10«. The difference 
is probably due to error in estimating the lead of the 
brushes, which is difficult, owing to uiicett«i\it^ ycl ^k^^ 
position of the neutral line on open cvTcm\.% 
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THEORY OF ALTERNATING CtTRRENTS, PAR- 
TICULARLY IN REFERENCE TO TWO 
ALTERNATE CURRENT MACHINES CON- 
NECTED TO THE SAME CIRCUIT. 

In my lecture on Electric Lighting, delivered before the 
Institution of Civil Engineers last year,* I considered the 
qaestion of two alternate carrent dynamo machines con- 
nected to the same circuit, hut having no rigid mechanical 
connection between them; and I showed that, if two sncli 
machines be coupled in series, they will tend to nuUifyi 
each other's efEect ; if parallel, to add their effects. | The- 
Bubject ia one which already has practical importance and 
application, and may have much more in the future; it is 
also one suited for discussion, and upon which discuseion 
is desirable. I therefore venture to bring before the 
Society what I eaid in my lecture — some other ways of look- 
ing at the same subject, and an experimental verification. 



• Th[B Paper la rBprtati^ nn pBRM- 40 [o TB of this vnln 
t JVommber 23, 1884.— My BttPntlon (inn only (o-diiy hi 

Mr. WildB. published by the Literary nnil FhllOBOphical RocEpt; 

December IB, IBW, also " " ' 

fully duBorlbeB obt»>r»atio 

alMmoM curreDt niai'liine 

bin obBerTBtlnDn when I le 

I miRht hsTB (riven him tl 

imawn Co those who have 

real machlneo, It would hi 



Tnehro 



to a pnper bf- 
if Manchester. 
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Btety been wnrkinR to produce large all«nukteci 

v naved thnm both labor and money. 
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together with solutions of other problems requiring similar 
treatment. 

The general explanation, amounting to proof bo far as 
machines in aeries are concerned, ia given in the following 
extract from my lecture :— 

" There remains one poiut of great practical interest in 
connection with alternate current machines: How will 
they boluive when two or more are coupled together to aid 
each other in doing the same work ? With galvanic bat- 
teries we know very well how to couple them, either in 
parallel circuit or in HCries, so that they shall aid, and not 
oppose, the effects of each other; bnt with alternate cur- 
rent machines, independently driven, it is not quite ob- 
tIous what tho result will be, for the polarity of each 
machine is constantly changing. Will two machine8 
coupled together run independently of each other, or will 
one control tlie movement of the other in such wise that 
they settle down to conspire to produce the same effect, or 
■will it be into mutual opposition ? It is obvious that & 
great deal turns upon the answer to this question, for in 
the general distribution of electric light it will be desirable 
to be able to supply the system of conductors from which 
the consumers draw by separate machines, which can be 
thrown in and out at pleasure. Now 1 know it is a com- 
mon impression that alternate current machines cannot be 
■worked together, and that it is almost a necessity to have 
one enormous machine to supply all the consumers draw- 
ing from one system of conductors. Let us see how the 
matter stands. Consider two machines independently 
driven, so as to have approximately the .same periodic time 
iwd the same electromotive force. If these two machinea 



I 
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are to be worked U'^vtfaer, they may be connected in one 
of two ways: they may be m pu^el circnit with regard 
to the external condnctor, me shovn by the full line in 
Fig. 51, that is, their currenta may be added algebraically 
and sent to the external oircnit, or they may be coupled in 
series, ae shown by the dotted line, that is, the whole cnr- 
lent may pass successively throagfa the two machines, and 
the electromotive force of the two machines ma; be added. 




instead of their cnrrenta. The latter case is simpler. Le^ 
ns consider it first. I am going to show that if you coupio 
two such alternate current machines in series they will s 
control each other's phase as to nullify each other, and 
that you will get no effect from them; and, as a corollary 
from that, I am going to sliow that if you couple them in 
L parallel circuit they will work perfectly well together, and 
^e ourronte they produce ■will b« added; in fact, that you 
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cannot drive alternate current machines tandem, but that 
yon may drive them as a pair, or, indeed, any number 
abreast. In diagram, Fig. 52, the horizontal line of abscissae 
represents the time advancing from left to right; the full 
curves represent the electromotive forces of the two 
machines not supposed to be in the same phase. We want 
to see whether they will tend to get into the same phase or 
to get into opposite phases. Now, if the machines are 
coupled in series, the resultant electromotive force on the 
circuit will be the sum of the electromotive forces of the 



immr 




two machines. This resultant electromotive force is rep- 
resented by the broken curve III] by what we have already 
seen in Formula IV. [p. 52, this volume], the phase of 
the current must lag behind the phase of the electro- 
motive force, as is shown in the diagram by curve IV, thus 

. . . Now the work done in any machine is 

represented by the sum of the products of the currents - 
and of the electromotive forces, and it is clear that, as the 
phase of the current is more near to the phase of the lag- 
ging machine // than to that of the leading machine /, the 
lagging machine must do more work in producing elec- 
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tritiity thim tlie leuding muchine; consequently its velocity 
will lie retardod, and ita retardation will go on until tha 
two maohiiies settle down into exactly opposite phaseB^' 
whtjii no ouvrent will imsa. The moral, therefore, is, do not 
attunipt to iionjiio two independently driven alternate car- 
rent iniicliinoB in series. Kow for the corollary: A, Bf. 
¥{g, 61, rt'prosent the two terminals of an alternate car-' 
rent machine: n, h. the two terminals of another machinei 
independently driven. A and a are connected together, . 
and li and b. So regarded, the two machines are in aeries^ 
and we have just proved that they will exactly oppose each 
other's effects, that is, when A is positive. « will be 
positive also; when A is negative, a is also negative. 
Now, connecting A and a through the compai'atively high' 
resistanco of the external circuit with B and b, the cur- 
rent passing through that circuit will not much disturb, if 
at all, the relations of the two machines. Hence, when A 
is positive, a will be positive, and when A is negative, ( 
will be negative also ; precisely the condition required that 
the two machines may work together to send a current 
into the external circuit. You may, therefore, with < 
fidence, attempt to run alternate current machineB la 
parallel circuit for the purpose of producing any external' 
effect. I might easily show that the same applies to I 
larger number; hence there is no more difficulty in feed- 
ing a system of conductors from a number of altemat« 
cun-ent machines than there is in feeding it from a num- 
ber of continuous current machines. A little care only i 
required that the machine shall be thrown in when it hu 
attained something like ita proper velocity. A : 
corollary is that alternate currents with alternate curreo^ 



K required vnai 
H attained som 
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ichiiieB aa motors may tiieoretically be used for the 
ransmisaion of power." * 

Although the proof of this corollary regarding motors is 

■ -Bimilar to what we have just been going through, it may 

be instructive to give it. In the accompanying diagramB, 

Figs. 53 and 54, the foil lines / and // represent the 




electromotive forces of the two machines (generator and 
receiver) ; the dotted line, curve III (. . , .), the resnltaat 
electromotive force; and the curve IV, the resulting cur- 
rent, each in terms of the time, as abseiaBSH. The only dif- 
ference between the two diagrams is, that in Fig. 53 the 
two machines have equal electromotive forces, while in 
Fig. 54 the receiving machine has doubh the electr07»(itive 
force of the generator. In both figures the receiving 
machine lags behind the phase of direct opposition to the 
generator by one quarter of a period, or something less. 
Now observe, the resultant electromotive force must be in 



Bt" "" " 



Ot course In applying these cnncluBlQim ii 

the msohlDes onl; lend to cooIroL each otlicr 

power may b« preaomiDant and compel tl 
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pliaae behind the receiver, but iu advance of the generator. 
Also observe, the current nmst be in phase behind the re- 
sultant electromotive force, and may be one quarter of a 
period behind, provided only the self induction be large 
enough compared with the resistance. The current will 
then he lesa than a quarter period behind the generator. 
This machine will do work upon the current, but the cur- 




rent will be more than a quarter period behind the receiv- 
ing machine; therefore iu the receiver the current does 
work upon the machine. 

The subject is illustrated by the following problems. Of 
course any of them may be treated more generally by con- 
sidering the machines as unequal, or by introducing other 
periodic terms, but I do not see that this would throw more 
lighten the subject: — 

I. Two alternate current machines, equal in all respects, 
are connBcled in series and independently driven at the 
same speed, to deUrniine (fte cwrre«(, etc., in each. 
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Let y be the coefficient of self induction of each, r the 

2 7t 

resistance, x the current at time t, and E sin —^ {t + t) 

2 u 
and E sin -^ {t — r) the electromotive forces. Then 

regarding the coefficient of self induction as constant, 
which it is not exactly, and neglecting the effect of currents 
other than those in the copper wire, the equation of motion is 

2rx' + 2rx = E jsin ^^ {t + r) + Bm ^(^ + r)|, 

, , ^ . 2;r^ 2 Tt r 

or y X + rx = E Bin — =,- cos ^ ; 

whence 

E cos -,=f— , . 

Work done by the leading machine per second 
XT9 2 yrr 

From this it at once follows that the leading machine does 

T 

least work, and will tend to increase its lead until ^ = "v 
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when the two machinee will neatralize each other, as al- 
ready proved geometrically, ne leading machine may ac- \ 
tuaily become a molor and do mfcfianiral ivork, altJiovgh 
its elect romoli re force (c preciselg equal to thai of (he fol- 
lowing machine. 

Coiiaidering the important case when r is negligible, wo 
have 




E cos- 



2x1 



2ry 






This is the maximum when t = -, and then it is eqnal to 1 

the maximum work wbioli can be obtained from either ' 
machine when connected to a resistance only, which occnrB 

when that resistanco is ~^-7jr-'-r the current, also, is the same 

as when the maximum work is being done on resiatance, 

and Is —^ of the current the machine will give if short 

circuited. The difference of potential between the two 
leads connecting the machines, whether r = or not, is 

E cos "^-FfT- sin — s- - If there be no work done on the re- 

T 

eeiy'in^ machine <ind r = 0,r = - unci the amplitude of 
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the difference of potential between the leads is £J; if, 
on the other hand, the maximum work is being transmitted, 

the potential measured will be — ^ of that observed when 

either machiije is run on open circuit. 

II. Two machines are coupled parallel and connected to 
an external circuit resistance R. 

Let rCj , x^ be currents in the two machines. The ex- 
ternal current will be x^-\- x^, and consequently the differ- 
ence of potential at the junction, R {x^ + x^. 

Let the electromotive forces of the two machines regarded 

in this case as connected parallel be E sin ^^ -, and 

let the self induction and resistance of each he e y and 2 r. 
The equations of motion then are : 

2rx', + 2rx, = BBm ^''(^^+^) _ i?(^^ +^j, 

2rx\^2rx =BBm^^^p^--R{x,+x,); 

whence 

y {^\ + O + {ii + r) {X, + X,) 

^ . 27tt 2nr 

= ^sin-^.cos-^r-. 

and 

// /\i / \ TH 2 7t t , 2 TtT 

y (a?'i - ^d + ^ (a^, - ^d = ^ cos -^ sm -^. 
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Solving these. 



{r + i;)' + ( 



2_jrt 2Ky 2jrf ( 



x, — x, = - 



r cos -^ + —^ Bin -^ J 



Electrical work done by the leading machine 



= i^ Bin - 



l{x, + x, + {x,-x,)\ I 






Sttv . 2ff r 2arT) 
-^^Bin^^cos^^t 
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This expression shows that the leading machine does most 
tvork in all cases. Suppose r is small compared with R 

and rp y also that R = — ^r^> we have the work done 
per second 

= g^ j cos' -^ + sm -^ cos -Y" \ . 



T 

Make r = — ^-, and we see thsi,t the following machine 

o 

will then do no work; when r exceeds this, the following 
machine becomes a motor and absorbs electrical work. 

III. Suppose the terminals of an alternate current ma- 
chine are connected to a pair of conductors, the difference 
of potential between which is completely controlled by con- 
nection with other alternate current machines. 

Let y and R be the coefficient of self induction and the 
resistance of the machine and its own conductors up to the 
point at which the potential is completely controlled. Let 
the difference of potential of the main conductors be 

2 7t t 

^ sin —=- , and let the electromotive force of the machine 

oe B sm — ^-= — '- . 
Equation of motion is 



yx' + Rx = B sm ^ '- — A sm —7=^ 



"««• 



Bl-*.: 



! ■ r - I '^r- 



■m. * 



* .^^ 



?Ni- 



rr?:: i: 



'**- — ^r- -^ — 5;r 



~ !r ^'S?.:rT-. iiiii' i- :: 






i- x.- .. 



ii -.-. %^-..-« «■ 



14: adc iif 






iuri—iirtfy ToTff ar 



1 t: r 



1 r" ^ 
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work (electric) done by machine 



.u-+(^n 



sin — ^Y^ ' ; 



H'-+mT 



T 
this has a minimnm yalne when -|~ ^ = "T' ^^^ ^^^^ 

the mechanical work done by machine or electrical work 
received by the machine 

B [ . RB 

A — 



^^•+(^n*i i^'+mrr 



and this is positire, prorided 

R 



B> 



\-^mT 



There are two or three other problems of sufficient in- 
terest to make it worth while giving them here, although 
not directly relating to alternate current machines coupled 
together. 

rV. To determine the law of an alternate current 
through an electric arc. 

It has been shown by Joubert that in an arc the differ- 
ence of potential is of approximately co\i«t^wt t^xsjhsjst^ss^ 
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Tiilue, reTersiiig its ralae disoontinQOmsly with the revei 
of the current, probably at the instant of reversal of cuf- 
reat. We shall assnme, then, that there Is in the arc i 
constant electromotiTe force. A, slwars opposed to the I 
enrrent, except when the cnrrent ceases, and that then its I 
vainc is zero. 
The eqaation of motion is 

the negatlYe eign being taken when z is -(- ", the positive 1 
when X la negatire. Solving generally, 

A , E I -illy 2nt 



This equation will continuonsly hold good for a half period 1 

from X = to X = again, but at each half period the ] 

arbitrary constant C is changed with the sudden change of 

sign of A. It IB determined by the consideration that if, 

for a certain value t, of i, x should vanish, it shall Tsnish 

T 
again when ^ = i„ + -5-. This applies to the ease when S 

is sufficiently large, as is practically the case; bnt if the 
current should cease for a finite time this condition will ba 
varied, and instead of it we have the condition x = when " 



1: 



A. This latter case I do not propose to ] 
oonaider fartber. 
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Let 



BT ~ T ' 



A 



+ -n /o-^x.) Bm ^^5 — i-' + Ce y 



Putting fr == ^0 *^^ ^ = ^0 + "o" > ''^^ ^^® 



+ V1 /2;ry\') Bin --A.^— ^ + (7. v , 









equations to determine t^ and (7. 
Eliminating C, 



, . sm ^ " ^ = — tan A -j — . 
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Having obiameii t^ C is ^vea bf eqaadm 

^w Ae cmiplite sobOasD of the prublem. 



B m tfaat in which £ is small; ] 
: O; the solatjon I 



Ae 

t US 

then la 

T i 

y x= — - — EcQ& - 

In the same way as before, 

Ecoa - — • 



The limiting case to which the solodon applies is giTen by 

» A =EX0.5SS. 

Roughly, we may say (hat. I'w ordirr that the eunvHl matf 
noi eeme/or afinitt Him, E musi b* at least douNe of A/ 
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A will of course depend upon the length of the arc. The 
work done in the arc will be proportional to the arith- 
metical mean value of the current taken without regard to 
"sign. This is of course quite a different thing from the 
mean current as measured by an electro-dynamometer. 
Let us examine what error is caused by estimating the 
work done in the arc as equal to the current measured by 
the dynamometer multiplied by the mean difference of 
potential. 

The actual work done per second 



2A r-^-^ 

Tjt.. 



2 

xdt 



2A T^ 



/ 



The mean square of the current as measured by the elec- 
tro-dynamometer is 

T 



and the work done by this current is apparently the square 
root of the above expression multiplied by ^. It is easy 
to see that this is greater in all cases than the work done, 
but it is worth while to examine the extent of the error. 
If we treated the arc as an ordinary resistance, we should 
assume work per second 



=lv/(^J(f— • 



\ . ^'7" 



)"^ ^% 
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Taking a fairly practical case, aseame A = ^£; we hav^ 
actual work per second 



A'T I 



work done estimated by electro-dynamometer 



^Tl 






(*¥-)h 



'- nearly. 



^B work 

^P or nearly ^ part too much. This will eufRce to show 

the matter is not a mere theoretical refinement Anolherj 
erroneous method of estimating the power developed in 
arc is to replace by a resistance and adjnet this reeistanM? 
till the cnrrent as measored fay an electroMlynamomet^r 
is the same as with the arc, and assume that the work done 
in the resistance is the same as the work done in the are. 
Returning to the expression 



rthatl 




2A T / 



n'A* 



B-e mav inquire, given TA and the dimensions of the 
how ought it to be woaM ot \te *»^ cwaissJjid 



em»^H 
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most work may be done in the arc. If the number of con- 
volutions be varied, E will vary as the convolutions, y ag 
their square; therefore y <x E^; we are therefore to deter- 

mine E so that -^ a I E^ — '^ — is a maximum which 



1 /p, ^' 



occurs when E — n A, - When the resistance of the circuit 
is taken into account, this result will be modified. It 
suflSces to prove that it is desirable that the potential of 
the machine should be materially in excess of that required 
to maintain the arc. 

v.* In all that precedes it is assumed, not only that y is 
constant, but that the copper conductor of the armature is 
the only conductor moving in the field. If there be iron 
cores in the armature, we shall approximate to the effect 
by regarding such cores as a second conducting circuit. 
Slightly changing the notation, let L be coeflScient of self 
induction of the copper circuit, N coefficient of self induc- 
tion of the iron circuit and R^ its resistance, V the mag- 
netic induction of the field magnets upon the iron circuit, 
and M the coefficient of mutual induction of the two cir- 
cuits, y the current in the iron. The equations of motion 
are obtained from the expression for the energy, viz., 

\\Lx^ + 2Mxy + liy' -2Ix-2ry}, 
and are 

Lx' + My' + Ex = jj = — ^ cos ^ , 
Mx' + Ny' + R'y = — = —^ cos -^, 

♦ Vide also "JSncyclop8ediaBritauix\«a;'"' s^vWftV^' V\^V\^^^^ 
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for in general the iron cores and the copper conductor are J 
ajmmetricaily arranged. Asanme 






and snbstifcute in the eqnations of motion; we have the 
following four equations to determine the constants o, 
a', h': — 




aL -^ a' M -^ h- 



L+b' M- 



>M^b'N-a''^=0. 



These equations contain the solution of the problem, Ijnt 
are too cumbersome to be worth ■while solving generally; 
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we will, however, prove the statements made in the lecture 
before the Civil Engineers. 

1. Compare short circuit and open circuit, that is, J2 = 

very nearly, and J2 = a*. In the former case we find that 

A M 
work done in the iron is diminished, and if 5 = — yr- we 

have the paradoxical result that there are no currents in- 
duced in the iron of the cores and no work is required to 
drive the machine. This, of course, can never actually 
occur, because R can never absolutely vanish. It suflSces 
to show, however, that the current in the copper circuit 
may diminish the whole power required to drive the ma- 
chine to an amount less than the power required to drive 
the machine on open circuit. 

2. The other statement related to the effect of the cur- 
rents in the iron upon the currents produced in the copper 
circuit. Assume that the effect is a small one, for a first 
approximation. Neglect it, that is, treat the currents in 
the iron and the currents in the copper as independent of 
each other, and then see how each would disturb the other. 

The first approximation then is 



( _ AL , BN 



^ H — B -t: 

X 2 TT _ . 2 zr 

= ^o ^o , a = 



T'R^' - — T^Ji'^' 



L^i-^rir ^' + 



in' ' iTc' 
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If ve nfaetilKlc One n Ae sbdb 



I 



4iinii> &rjUECTS. 



4i" 



which ghovB thai the distarhing effM4 of each rinrait a 
the other U to <iiiiiiiiish the apparent electrt>inotive foi 
but to accelerate its phas& 

TI. A Tery similar prbblem is thst of secondary genera 
tors or tndnction coils, whether a&ed for the conversion otM 
high potentials to low, or the reverse. To treat it gener-l 
all;r> taking the magnetization of the iron cores, which are 1 
always need, as a non-linear function of the currents in the 
coils, woBld be a matter of much difficalty; we therefore 
iisgume, as is usnal, that the coefficients of induction are 
constants, noting in passing that this is not Ebictly the 
lact, thoagh it is very nearly the fact, when the co 
not saturated and when the lines of magnetic induction i 
pass through uon-maguetic space. 

Lot, then, R, r be the resistances of the primary and I 
secondary circuits ; 

L coefficient of self induction of the primary; 

^ foeHifieut of self imlnction of the secondary; 
JfooeOhieiit of niutuuil miuctioTi >ilftvft v«q ivscnits; 
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X and y the currents in the two circuits at time t; 

Xthe electromotive force applied in the primary circuit 
by an alternate current dynamo machine or other- 
wise; 
the equations of motion will be 

Mx' + Ny' + ry= 0. 

Various assumptions may be made as to X, but that most 
likely to be adopted in the practical work of secondary 
generators is that X is kept so adjusted that 



x = A cos n t where n = -^, 



and to inquire how Xwill depend on the resistances 

jV^y' -^ r y = n A M sin n t, 

nAM . ^^ , , . ,. 

y = ^«jyr« -i-r* ( - ^ -^ cos n ^ + r sm n 0, 
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As ill the case of Cbe dynamo maohiDe, the work done in 
the Becondary circuit is greatest when r — n X. The ei- ; 
preesion for X serves to show that when the secondary is 
short circuited a lower electromotive force of the generat- i 
ing circnit is required than when it is on open circnit. In 
indnction coils the electrostatic capacity of the coils them- 
selves has important effects. An illustration of the effect 
of electrostatic indnction is found iu the old-fashioned 
Ruhmkorff coils. These were not wonnd symmetrically, bat 
in snch wise that one end of the secondary coil was on the 
whole towards the inside, the other towards the outside of 
the bobbin. In such coils a spwk to earth may be obtained 
from the outside end, but not from the inside. The reason . 
is that the outer convolutions have smaller electrostatic 
capacity than the inner ones. The terminals may be made 
to give equal sparks by the simple expedient of laying a 
piece of tinfoil around the whole coil and connecting; it to 
earth. 

VII. Some time ago Dr. Mnirhead told me that he had 
observed that the effect of an alternate current machine 
could be iucreased by connecting it to a condenser. This i 
is not difficult to explain: it is a case of resonance anai- 
ogDus to those which are so familiar in the theory of sound 
and in many other branches of physics. 

Take the simplest case, though some others are almost 
as easy to treat. Imagine an alternate current machine 
with its terminals connected to a condenser; it is reqnired 
to find the amplitude of oscillation of potential between the ' 
two sides of the condenser. Let H y he the resistance and 

self induction of the machine, £ ei 
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force, C the capacity of the condenser, F the difference of 
potential sought, and x the current in the machine; then 

CV' = x, 
and 

yx' -\-Rx = E Bia.^^ - V ; 
whence 






amplitude of Fis therefore 



^ I ,_,,(-)• j V ^ c- (V)^ 



.^. 



Now suppose E = 100 volts, the machine would light up 
an incandescent lamp of about 69 volts. Let T = -^ second, 
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L the same couiiterehaft by link bands, at a speed of 
8S0 to 000 revolutions per minute; the pullejs on the 
countershaft were sensibly equal in diameter, but those on 
the machines differed by rather more than a millimetre, 
one being 300, the other 299 mms. in diameter (about); 
thus the two machines had not when unconnected exactly 
the same speed. The pulleys have since been equalized. 
The bands were of course put on as slack as practicable, 
but no special appliance for adjusting the tightness of the 
bands was used. The experiment succeeded perfectly at 
the very first attempt. The two machines, being at rest, 
"were coupled in series with a pilot incandescent lamp 
across the terminals; the two bands were then simulta- 
neously thrown on : for some seconds the machines almost 
yulled up the engine. As the speed began to increase, the 
lamp lit up intermittently, but In a few seconds more the 
machines dropped into step together, and the pilot lamp 
lit up to full brightness and became perfectly steady and 
remained so. An are lamp was then introduced, and a per- 
fectly steady current of over 200 anipf-res drawn off with- 
out disturbing the harmony. The arc lamp being removed, 
a Siemens electro-dynamometer was introduced between 
the macliines, and it was found that the current passing 
was only IS amperes, whereas, if the machines had been in 
phase to send the current in the same direction, it would 
have been more than ten times as great. On throwing off 
the two bands simultaneously, the machines continued to 
run by their own momentum, with retarded velocity. It 
was observed that the current, instead of diminishing from 
diminished electromotive force, steadily increased to about 
50 amperes, owing to the diminished electrical coatiol ha- 
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tween the m&eluiie&» and then dropped oS to zero as the 
maehines stopped. Professor Adams ▼iU, I hope, give an 
account of experiments he has tried with me, and on other 
occasions^ at the Sonth Foreknd. With De Meritens' 
machines, I re.gard coupling tiro or more maehines parallel 
as practically the best way of obtaining exceptionally great 
currents when required in a lighthouse for penetiatdng a 
thick atmosphere. 



AN UNNOTICED DANGER. 



|an unnoticed danger in certain APPA- 
batu8 for distribution of electricity. 

Many plauB have been proposed, and several have been 
to a greater or less extent practically nsed, for combining 
the advantage of economy arising from a high potential in 
the conductors which convey the electric current from the 
place where it is generated with the advantages of a low 
potsntial at the various points where the electricity is used. 
A low potential is necessary where the electricity is need; 
partly because the lamps, whether arc or incandescent, each 
require a low potential, and partly because a high potential 
may easily become dangerous to life. Among the plans 
which have been tried for locally transforming a supply of 
high potential to a lower and safer, the most promising is 
by the use of secondary generators or induction coils. It 
has been proved that this method can be used with great 
economy of electric power and with convenience; under 
proper construction of the induction coils it may also be 
perfectly safe. It is, however, easy and very natural so to 
construct them that they shall be good in all other respects 
but that of safety to life — that they shall introduce an un- 
expected risk to those using the supply. 

In a distribution of electricity by secondary generators, 

m alternating current is led in succession through the 

i primary coils of a series of induction coils, one for eack 
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group or Bystem of lamps. The lamps connect the two 
terminala of the secondary coil of the induction coils. It 
is easy to so eonatriict the indnction coils that the dlfler- 
ence of potential between the terminalfl of the secondary 
coils may be any suitable number of volts, such as 50 
100; while the potential of the primary circuit, as meas- 
ured between the terminals of the dynamo machine, may 
be very great, e.g., 2,000 or 3,000 volts. If the electromag- 
netic action between the primary and secondary coils, on 
which the nseful effect of the arrangement depends, were 
the only action, the supply would be perfectly safe to the 



I 
I 



Lons if ' 
Blectroa 
than a 



i 




nser so long as apparatus with which he could not interfere 
was in proper order. But the electromagnetic action is 
not the only one. Theoretically speaking, every induction 
coil is also a condenser, and the primary coil acts electro- 
statically as well as electromagnetically upon the secondary 
coil. This electroatatie action may easily become danger- 
ous if the secondary generator is so constmcted that its 
electrostatic capacity, regarded aa a condenser, is other 
than a very small quantity. 
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Imagine an alternate current dynamo machine, A, Fig. 
55, its terminals, B, C, connected by a continuous con- 
ductor, B D C,on which may be resistances, self induction 
coils, secondary generators, or any other appliances : at any 
point is a condenser, B, one coating of which is connected 
to the conductor, or may indeed be part of it ; the other is 
connected to earth through a resistance, R. Let K be the 
capacity of the condenser, V the potential at time t of the 
earth coating of the condenser, U the potential of the other 
coating, x the current in resistance R to the condenser from 
the earth, being taken as positive, and the earth potential 
as zero. We have 

a: = J,ir(J7--r)=a:; 

whence, since 

U = A 8in2 Ttn t, 

where ^ is a constant depending on the circumstances of 
the dynamo circuit as well as the electromotive force of the 
machine, and n is the reciprocal of the periodic time of the 
machine, we have 

KR ^ -{-x= 27cn KA cos 2 zr ti t, 
X = , rrrtn xa , ., { — 2 7tn KR sin 2 ;r 7J ^ + COS 2 ;r 7^ ^}, 

[IL K4i7t7l) -f" 1 

. 27t n K J. . 

mean square of ic = , , mean square of A. 

V(KR2 7rny + l ^ 

Let us now consider the actual values likely to occur in 
practice. Let the condenser B he a, secondary generator; 
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let the reaistuiice R be tliut of Borne person touching BOtii6 
part of the aecoudiiry circuit, aud also making contact t<j 
earth with eome other pai't of the body ; ii may bo anything 
from 100 to 250, aay 150; A' will depeud on the conatruoi 
tion of the secondary generator — it may be as high aj 
microfarad or even move, hut there would be no difficulty 
even in large instruments in keeping it down to one hun- 
dredth of this or less. The mean square of A will depend 
on the circumstances of other parts of the circuit; itmighfe 
very easily be as, great, or very nearly aa great, as the mean 
difference of potential between the tenninals of the tna^ 
chine if the primary circuit were to earth at 0. Suppoa^ 
however, that the circuit B D C ia aymmetrical, that E Ib. 
at one end, and that anothe,r person of the same resistanoa 
as the person at £ is touching the secondary circuit of the 
secondary generator F at the other end of the circuit, 
that ease, if 2,400 be difference of potential of the machine, 
mean aquare of A will be 1,200; in which case we have, 
taking R aa 3,000 ohma, 

■ mean square of 

_ 2 ff X 150 X 0.3 X 10-" ^, , -, 



V(^x X 150 X 0.3 X 10-" X 3,000)"+ 1 
= about 0.3 ampere. 

Experiments are still wanting to show what current maj 
be considered as certain to kill a man, but it is very doubtful 
whether any man could stand 0.3 ampi^re for a Bensible 
length of time. It is probable that if the two persons both 
took firm hold of the secondary conductors of E and i^, 
both would be killed. If the person at F be replaced by 
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an accidental dead earth on the secondary circuit of F, the 
person at E would experience a greater current than 0.3 
ampdre. 

It follows from the preceding consideration that second- 
ary generators of large electrostatic capacity are essentially 
dangerous, even though the insulation of the primary cir- 
cuit and of the primary coils from the secondary coils is 
perfect. The moral is — for the constructor, Take care that 
the secondary generators have not a large electrostatic 
capacity, say not more than 0.03 microfarad, better less 
than ^J-iT microfarad; for the inspector, Test the system 
for safety. The test is very easy. Place a secondary gen- 
erator of greatest capacity at one end of the line and con-, 
nect its secondary circuit to earth through any instrument 
suitable for measuring alternate currents under one am- 
pere; put the other end of the primary to earth; the read- 
ing of the current measuring instrument should not exceed 
such a current as it may be demonstrated a man can en- 
dure with safety. 
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INDUCTION COILS OR TRANSFORMERS. 

Tbe trans foniiors considered are those having a con-j 
<inu<int( iron niii^ictic circuit of uniform section.* 
1*1 A ho iircii i)f soction of the core; 

m and h (lie inimber of convolutions of the primary J 

and 8i'<Kindary eoils, respectively; 
K, r, and p their rcsiataiioes, p being the resistance I 

of tlio secondary external to the transformer; 
X and y currents in the two coils; 
a induction per stjuare centimetre; 
« the magnetic force; 
t the length of the magnetic circuit; 
Ji = H em2 ir(f/T), the difference of potenfjalfll 

between the extremities of the primary; 
T being the periodic time. 




,,, ! + „!,) ^1 «; 


(1) 


Iti-mAa; 


(2J 


(r + P)!l-nAii. 


(3) 



■ For ■ dbcuaaloa of (ranaformers In n hich there Is a coand 
nsKneUc circuit, see Ferraris, Torino, Accad. Sci. Mmi.. v 
chapiter on (be " Tbeor; of Altenuitlag Curreats," in this lului 
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From (2) and (3), 

nE = nRx — m{r -{- p)y. (4) 

Substituting from (1), 

x{n'R + m'{r + p)} = n" B + {la/4:7r)m{r + p); (5) 

t/{n*E + m'{r + p)} = - nmU + {la/4:7r)nR; (6) 

J ^ _ __ (r + p) m. E laR(r + p) . 

^ n^R-Y m' (r -f /o) "^ 4 7t\n^ E + m'{r + p)\' ^ ' 

We may now advantageously make a first approximation. 
Neglect / (tf in comparison with 4:7rmx, that is, assume the 
permeability to be very large; we have 



. __ (r + p)mB&m{27rt/T) 

n'R + 7n'{r + p) ' 

. __ (r + p)mB cos (2 7tt/T) 
^^~ {n'R + m'{r + p)\.27rt/T' 



(8) 



(9) 



For practical purposes these equations are really suf- 
ficient. 

We see first that the transformer transforms the poten- 
tial in the ratio n/m, and adds to the external resistance 
of the secondary circuit p a resistance (n^ R/m^) -\- r. 
This at once gives us the variation of potential caused by 
varying the number of lamps used. The phase of the sec- 
ondary current is exactly opposite to that of the primary. 

In designing a transformer it is particularly necessary to 
take note of equation (9), for the assumption is that a is 
limited ^o that I a may be neglected. The greatest valuQ 
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of fi is B'\{2w/T)mA\, and Hoe must not exceed j 
vhuseii Txlue. We obeeire that B Tsries as the number o 
reversals of iH* priniBrT current per unit of time. 

But thif Erst ajipruxiEn&doD, thocgb enongh for practict 
work, givi« iiu itocount of what happens when transformer^^ 
are woiked so that the iron is nearly saturated, or hovT 
energy is wasted in the iron core by the continual reversal I 
of its magnetism. The amoDnt of each waste is easily I 




estimated from Swing's resnlta when the extreme i 
a is known, bnt it is more instructive to proceed to a a 
approximation, and see how the magnetic properties of the 
iron affect the value and phflse of z and y. We shall, as a 
Hocnid spproximation, substitute in e^nationa (a), (6), (7) 
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^WAlneB of a deduced from the value of a furnished by the 

^Bbst approsimatiou in equation (9). 

^B In the accompanying diagram, Pig. 56, t representa a, 

^■Oy represents a, and Oz the time t. 

The curves A B CD represent the relations of a and a. 
E F G the induction a as a function of the time, and H IK 
the deduced relation between a and t. We may substitute 
the values of a obtained from this curve in equations (5) 
and (6), and eo obtain the values of x and y to a higher 
degree of approximation. If the values of a were espreaaed 
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H 


Fio. 57. 

by Fourier's theorem in terms of the time, we should find 
that the action of the iron core introduced into the ex- 
pression for X and y, in addition to a term in cos (2 ir i/T) 
which would occur if a and a were proportional, terms in 
Bin {3 n t/T) and terms in sines and cosines of multiples 
of %7tt/T. It is through the term in sin (^%nt/T) that 
the loss of energy by hysteresis comes in. 

A particular case, in which to stay at a first approxima- 
tion would be very misleading, is worthy of note. Let an 
attempt be made to aseei'tain the highest possible values of 
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^B a by using upon a transformer a very large primary current 
^B and measuring the conseqimnt mean square of potential in 
^M the secondary circnit by means of an electrometer, by the 
H heating of a conductor, or other such device. The value 
H of a wiU be related to the time somewhat as indicated by 
H AB GDEFO in Fig. 57; for simplicity assume it to bo 
F as in Fig. 58; the resulting relations of potential in tho 


1 




■ 


■ 


J 


H H 

^1 secondary and the time will be indicated by the dotted line fl 
H HIJK L MMP Q. The mean square observed will be H 
^1 proportional to ML . ^L P; but ML . L P is proportional ^^ 
V to EL, hence the potential observed will vary inversely aa^M 
H ^L P, even though the maximum induction remain coD'^J 
^V etant. If, then, the maximum induction be deduced oa'^| 
^1 the assnmptioD that the induction is a simple harmooid^l 
H function of the time, results may readily be obtained vastly^B 
H^ in excess of th@ truth. ^| 
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EEPORT TO THE WESTINGHOUSE COMPANY 

OP THE TEST OF TWO 6,500-AVATT WEST- 

INGHOUSE TEANSFOEMEES. 

Before giving any of the results of the tests I have 
made with your transformers, it will be well to explain the 
methods of experiment adopted. The instantaneous value 
at any epoch in the period of the difference of potential 
between any two points of a circuit in which the potential 
difference is varied periodically is made effective on the 
measuring instrument by means of a rotating contact 
maker attached to the shaft of the alternate current gen- 
erator. This contact maker was constructed for the King^s 
College laboratory by Messrs. Siemens Brothers. It makes 
contact once in each revolution for a period of about three 
quarters of a degree, and breaks it for the rest of the revo- 
lution. It is entirely insulated, and so can be connected to 
any part of the circuit. The position of the contact can 
be varied, and the variation be read off on a graduated 
circle of 13^ inches diameter divided into degrees, and by 
estimation the variation can be read to one tenth of a 
degree. The two points between which it is desired to 
measure a potential difference are connected through the 
contact mak^r to ^ condenser and a quadrant electrometer, 
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Bs shown in Fig. 59, in wbich A and B are the points, tha ^ 
potential difference of vhich at a stated epoch is to be , 
meaeored, C the rerolTing contact maker, D the reversing 
switch of the electrometer, E the condenser, of which the 
capacity can be varied, Fthe quadrant electrometer. It is 
evident that the quadrant electrometer will give a reading 
proportional to the potential difference of A and £, when 
C makes contact. If there were no leakage, it wonld at 



I 



once give this potential. It is to obriate the effect of 
leakage that the condenser is introdiicetl, and the amonnt 
of the effect was determined by varying the condenser j 
thus: When the condenser had capacity 1, 0.5, and 0.3 
microfarads, the readings of the electrometer for a given 
potential difference of an alternating cnrrent at the posi- ' 
■ tion in the period of maximum electromotive force were 
138, 136, and 132, respectively. The rate of loss of poten- 
tial will be proportional to the reciprocal of the capacity, ■ 
whence we infer that the true reading, if insulation were ■ 
perfect, would be 139A, and hence the readings are always . 
corrected by arlding one per cent. Wlien the potential 
difference was too great for the electrometer it was reduced 
in any desired ratio by two considerable resistances intro- 
duced between the points to be measured in the usual way I 
(Fig. 60). The potential difference may, of course, be J 
measured in other ways. An ordinary voltmeter may be I 
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placed between A and B, in which case it must be standard- 
ized with the contact breaker in circuit; and it will depend 
for its constant on the duration of the contact, which may 
vary. Further, it gives, not the difference of potential 




B 

Fia. 60. 






at any definite epoch, but the mean difference for the 
whole time of the contact. The condenser may be used 
and its potential be measured by discharge through a gal- 
vanometer : this is open to the objection that if there be 
any leakage, the result will depend on the time at which 
the contact is broken by the condenser key in relation to 
the time at which it was made by the revolving contact 
maker. Lastly, a Olark cell may be used, by a method 
whioh Major Cardew pointed out to me (Fig. 61), the re- 
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Fig. 61. 



sistance being adjusted till there is no deflection. This 
is open to the same objection as the first, namely^ that it 
gives the mean of the potential differences which occur 
during the contact. By making use of the first-mentioned 
method we have the means of measuring accurately any 
potential difference at any epoch of the period, and of 
knowing the epoch. 



I 
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For these experimentB two transformers intended to "be 
identical were availabb, each transforming between 2,400 
and 100 volts. It was most convenient on account of the 
resistance available to couple these tmnsformers np from 
100 to 2,400 in the first or No. 1 transformer, then down 
from 3,400 to 100 in the second or No. 2 transformer, and 
to take up the energy from the second in a non-inductive 
resistance. The arrangement is shown in Fig. C3. 

The obvious way in returning the elficiency of the com- 
bination would be to measure, at various epochs of half a 
.period, the potential difEereucea of the terminals of the 




i 



machine and the current passing in the No. 1 transformer; 
in like manner, at the same epochs, to measure either the 
potential differences or the current passing to the non-in- 
ductive resistance, thence to deduce the power supplied to 
the first transformer and taken from the second. This 
would he open to certain objections: we are comparing 
two nearly equal magnitudes and desire their ratio; the 
ratio will be afflicted with the full error arising from an 
error ih the determination of either magnitude, and such 
errors may he material, as the observations are not simul- 
taneona, and conditions may change between one series of 
observations and another. 

These objections are avoided by the method adopted. 
The current from No. 2 is observed at certain epochs, the 
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difference of current between No. 2 and No. 1, and the 
difference of potential difference of No. 2 and No. 1 at the 
same epoch. These give the currents and potentials of 
No. 1 at the same epochs as the corresponding determina- 
tions of No. 2, and the difference will only be afflicted with 
the proportion of error of those differences. For example, 
suppose the efficiency of the combination were 90 per cent., 
and the possible error of determination of power 1 per 
cent., our result might be anything from 38 per cent, to 92 
per cent, if made in the obvious way, but if made by dif- 
ferences the maximum loss would be 10.1 per cent., and 
the possible least determination of the efficiency would be 
89.8 per cent. The method is essentially similar to the 
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Fig. OS. 

method I described* and subsequently used for testing 
dynamos. The measurements for difference of potential 
differences are made as in Fig. 63. For current differences 
(Fig. 64), where (? is a known small non-inductive resist- 




*T0 NON-INDUCTryE 




-|j5_g^ RE8I8TANCB , 



to revolving contact maker 
Fig. 64. 



ance, the two currents will, of course, slightly disturb each 
other, but this is readily allowed for in the calculations. 

* Phil. Tians.f 1886, page 347. 
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Another method woold be to conple them as in Fig. I 
65, ff, and ff, being equal non-indtictive resistances, f 
This arrangement ia quite free from diatnrbance, bat re- I 
quires two resiatanees adjusted to exact equality. A single I 
transformer can be tested in the same way, tliough in thia I 



I 
I 



' case reliance must be placed upon resistances to redact 
current of the low potential coil, and to reduce the poten- 
tial of the high potential coil in the ratio of the number of | 
windings in the two coils. 

The current was throughout generated by a Siemens 
alternator with 12 magnets, run at a speed between 830 
and 840 revolutions per minute, which gives a frequency 
of 5,000 per minute, or 83 to 84 per second. 

The first experiment tried * waa with the two transform- 
ers coupled, but with No. 2 transformer on open cirenit, or 
on nearly open circuit, for a high resistance for purposes 
of measurement was interposed between the terminals of 
the low resistance coil of No. 2 transformer. The actual 



•Sofarfts I know, the first discimsion of enflle 

Bov. Soc.. vol. xur„ auri Tlie El/ctridan, lol. r 
were obtained by mellioda it^neraLly almilA-r to 1 
IThe Electrical World, Dec. £8. 1S8B). Tbe Iheoi 
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resnlts are ^Ten in Table IX., and are expressed in Fig. 66. 
Tables X., XI., and XII. give the reaults for half power. 
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nearly full power, and full power, and the sets of curves 
KigB. 07, GS and 09 give the results of the table, 
ttie^o tables tbe lirst culumii gives the position of the cc 
tttct bruBli ill dogrees, so that 60 on this scale correspom 

with u complete cycle, Three degrees are thns - 



.3 X 

of A aecond. The second column of Table IX. is the coi 
rent in the tliick coil of No. 1 tninsformer, as determinfl 
by the difference of potential at the two ends of a non- 
indiiotive resistance in which the current passes. 
third column is the potential ditference of Ko. 3 trans 
former, a direct determination. The fourth column i 
Bololy for the purpose of determining the square root ( 
tile mean of the squares of the third column. This colami 
is a direct determination of the difference of potential < 
No. 1 and No. 3, obtained in the manner explained wi^ 
roforoiice to Fig. 63, 

The sixth column is the deduced potential difference o 
the terminals of the thick wire of No. 1 transformer, bein 
the Bura of the third and fiftli columns. The seventh c 
umn, like the fourth, is merely for the purpose of detei 
mining the square root of the mean of the squares of c 
umn six. while the eighth gives the rate at which power j 
given out or receivctl by the pair of transformers. 

If the transformers had been exactly equal, the poten 
tials for the two given by Table IX. would have been eqnai 
though they would have differed a little in phase owing t 
the lines of magnetic induction which pass through I 

Q-magnetio space between the two coils of the i 
former.* The difference shows that No. 1 transformer l 
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ratio of transformatioii slightly greater than No. 2. If 
3 correct the potential of either No. L or No. 3, there 
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still remains a difference between them, but this difference ' 

will be greatest about when the potentials are nil. This 
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[s dne to the lost induction juet referred to. In order to 
check the conclusion that the two transformers are not 
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precisely equal, they were directly compared, as in Fig. 70. 
The transformers were coupled parallel, as in Fig. 70, and 
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the difference of potential of the two high potential coils 
was measured: the yaliie of its square root of mean square 
was 12.5 volts, the potential of the transformer being 2,400. 
This does not necessarily imply that the potentials of the 
two transformers differ by one half per cent. ; it may be 
largely due to a difference of phase between the two. 

The current supplied to the No. 1 transformer is to be 
accounted for by the currents necessary to magnetize the 




Fig. 71. 

two transformers, and by the local currents in their cores. 
To ascertain the former, the curve of magnetization of one 
of the transformers was determined by the ballistic galva- 
nometer for nearly the same induction as in Table IX., the 
changes of current supplied by a battery being made by a 
reversing switch, or by suddenly introducing resistance 
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I 



into the primary circuit, and the conBetjnent chaages of I 
induction heing measured by the galvanometer. The I 
tarditiess of change of current in the transformer due to 1 
its self induction was sufficiently reduced by using many 1 
cells and a, considerable resistance. The results are shown j 
in Fig. 71 for a single transformer. In this curve the I 
abaciasfe are the currents in the thin coil of the trans- ' 
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former, divided by 2i to reduce it to the same effect aa it 9 
wonld have had if it had been in the thiclc coil. The 
ordinates are the inductions aa measured Ijy tlie kick on 
the galvanometer, but reduced to a scale to make them 
directly comparable with the volts when the Iransfonner is 
used with an alternating current. These results are not j 
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given in absolute units. The procedure to determine 
points on the curve was : first, pass the maximum current 
corresponding to the point 0; next, suddenly diminish the 
current by inserting suitable resistance in the thin coil 
circuit, and observe the kick — the drop of ordinate from 
Cto A corresponds to the kick, and the abscissa x)f A is 
the current after it has been reduced; next, reverse the 
current, and observe the kick — ^the kick corres])onds to the 
further drop of ordinates from A to B, In this manner a 
series of points are determined on the curve. Fig. 72 
shows the relation between induction and magnetizing 
current for the pair of transformers, as deduced from the 
experiments with alternating currents set forth in Table IX. 
The ordinates in this curve are the area of the curve of 
potentials of Fig. 66, for the ordinates of this latter curve 
are the rates at which the induction is changing, while the 
abscissae are the currents in the thick wire at corresponding 
times. The points marked • in Fig. 73 give the remainder 
after deducting the magnetizing current as estimates in 
Fig. 71 from the currents of Fig. 72 — that is to say. Fig. 
71 is corrected first for the small difference in maximum 
induction; then, corresponding to any induction, the cur- 
rent is taken from the curve, it is doubled, as there is only 
one transformer, and the result is deduced from the cor- 
responding current of Fig. 72. The differences are, the 
magnetizing current equivalent and opposite in effect to 
the local currents in the cores. If the local currents were 
equivalent to a current in a single secondary circuit, the 
points • of Fig. 73 ought to have had the form of tlie full 
line of Fig. 73, drawn through the points +, in which the 
abscissae are proportional to the potential difference, and 
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the ordinates to the iuduistion. Returning to Table IX., we I 
find that the fall of potential diSereucs on opeu circuit in I 
the whole combioution is U.S volt, and that the losa of J 
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power in magnetizing the cores and in local currents 
222.86 watts, that is, a losa for each transformer of 114.13^'! 
watta. The total loss of 228 watta may be divided into 126 1 
watts acconnted for by hysteresis and 102 watts duo ' 
local eurrents. 

Referring now to Table XL and Kg. 68, the earlier ool-j 
limns explain themselves, but a word is necessary abouti 
the last six columna. The watts supplied to No. 1 ar»a 
simply the produete at each time of the volts at its termi-J 
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nals and the amperes passing through, similarly to the 
watts given out by No. 2. We see first that the efficiency 
of the whole combination with this load is 93.73 per cent., 
and hence the efficiency of one transformer, if the losses 
in the two are equal, may be taken as 96.9 per cent. The 
fall of potential in the whole combination is 6.1 volts, but 
the fall with no load is 0.8 volt ; hence the variation due to 
the load with constant potential on the thin coil of No. 1 
is 5.3 volts, or, if the fall of potential in the two transform- 
ers were equal, which it is not, for a single transformer 
2.65 volts. Assuming that the transformers are equal, the 
power lost in resistance would be expected to be the mean 
of mean current x the difference of potential difference, 
or 215.4 watts. It is, in fact, 150 watts, as given by multi- 
plying the square of currents by resistances. But the 
transformers are not exactly equal, and there is the waste 
magnetic field, both of which will have a small effect on 
the distribution of loss between the two classes of loss, — 
Yiz., that by hysteresis and local currents, and that by re- 
sistance, — but none upon the gross efficiency. 

The other tables, X. and XII., are arranged in exactly the 
same way as Table XI., but the number of 'observations 
on Table XII. is insufficient to bring out all the peculiari- 
ties of the transformers. 

It has already been stated that, if the loss of potential 
due to load in the two transformers be equal, it will amount 
to 2.65 per cent. The following experiment was tried to 
ascertain if this loss was equal: The transformers were 
coupled in series as before. The mean potential difference 
of the thick wire was measured by Thomson's multicellu- 
lar, and of the thin wire by Thomson's electrostatic volt- 
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,meter. The menn of a considerable number of experimentB H 
is giveu in the following table, the ioad being the same as ^M 
in Table XI., and the results being corrected to the Bame ^| 
potential of the thin wire:— ^M 


»™.w 


Full Load. 


Open drault. ^| 


Thomsnn'B 


.s=i 


«3,""t .ss=t g 


1 


s;380 


"■' 


S Si 1 


Thia shows that of a total drop of 4.8 volts, 2.8 volts oc- 
curred in No. 1, and 2 volts in No. 2. There is no doubt 
of the fact that the drop is greater iu No. 1 than in No. 3, 
■which la connected with the waste field between the two 
coils. Of course these transformers are intended to work 
exactly as No. 2 is working, in which case the drop from 
no load to nearly full load, as shown by this experiment, is 
3.0 volts. The way in which this waste field causes ine- 
. quality of drop of potential in the two transformers, coupled 
aa in my experiments, is well worthy of careful considera- 
tion. The waste Geld is proportional to the current in the 
transformers, or, better, to the mean of the two currente in 
ampere turns. The electromotive force due to this waste 
field will be proportional to the rate of change of the cur- — 
rent If the current were expressed by a simple harmonic ^ 
curve, the electromotive force due to the waste field would —^ 

also be a simple harmonic curve differing in phase by — _^-— 

-.The curve of potentials is roughly in the same phase as th^^» 
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curve of current. Let A be the amplitude of potential 
difference of No. 2 transformer, B be the amplitude of 
difference of potential difference in No. 2, or the potential 
difference of the thin wire divided by 24. 2 h will be very 
nearly the amplitude of difference between the thick wires 
of Nos. 1 and 2. The ratios of potentials in No. 1 and 
1^0, 2 will then be 






a^id , or l + o^ a^d 1 + o .«> 



2 a' 



2a' 



or the drop in the first from this cause is three times as 

great as in the second transformer. We shall return to the 

TKaste field immediately. Putting aside harmonic curves, 

and returning to the facts as they are, the following table 

g^ives: first, half the difference of potential difference 



^^alf Diflference of Potential 


Volts of High Potential 
Coil Divided by 24. 


Squares of Volts. 


DifiFerence. 


15.6 


-5.0 


25.0 


148 


41.3 


1,706.0 


11.8 


74.3 


5.520.0 


10.8 


102.6 


10,530.0 


11.1 


131.3 


17,240.0 


5.5 


147.1 


21,640.0 


- 1.1 


137.0 


18,770.0 


- 3.1 


119.3 


14,280.0 


- 6.9 


95.1 


9,040.0 


-12.1 


53.4 


2,850.0 



Square root of mean square = 100.8. 



taken from Table XI., that is, at each instant the drop of 
potential in No. 2; secondly, the volts of the thin wire of 
No. 2 reduced for number of convolutions — this is of course 
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the mean of potential difference between 1 and 2; lastly, 
the squares of these voits. From this we see a mean square 
100.8 showing the drop in Ko. 2 to be 2.6 volts out of » 
total drop of 6.1, and the remainder 2.5, the drop in No. 1. 
Diminishing these results by 0.4, the half of 0.8, the fall 
observed with no load, the actual losses from no load to 
nearly full load will be 2.2 and 3,1, 

Turn now to the last column of Table XI. This gives 
the difference of potential differences corrected for the loss 
of volts by resistauee. It is shown dotted on Fig. 68; this 
curve presents one or two peculiar features. It should be 
possible to infer the form of this curve from the curve of 
current. The rates at which the mean current is changing 
are as follows : 

KflBK, mii ziiH STTH ^mi 



■ — ^which happens to come to a scale which can be at once 
plotted. The points marked ■ are the points of the curve 
correBponding with the above rates. The agreement of 
the points with the curve is remarkably close. This ex- 
hibits very completely the effect <^ waste magnetic field 
this transformer. 

For half power, as taken from Table X,, the rates are aa 
follows : 



368W 271M 



i4J4 STTj^ aaoii aga^ ssflij 



»^ a«i 



■and in the same way in Fig. 6? the dotted curve represents' 

fference of electromotive force corrected for resist-' 

the poiijtg correspond with the above rates. 
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Fig. 74 gives t&e efficiencies for the combined transform- 
ers in terms of the load. This curve is the hyperbole : 



Efficiency = 100 



2r-{A + BJ^CJP) 



where A = 336, the loss by hysteresis; 

B = 0,005, and mainly depends upon the waste 

field; 
C = O.O0O0035, and is mainly the loss by resist- 

X = load in watts. 
To sum up, I find that the efficiency of the transformer 
at full load would be 96.9 per cent.; at hall load, 96 per 
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Flo. 74. 

cent. ; and at quarter load, over 93 per cent. The magnet- 
izing current of the transformer amounts to 114 watts, or 
1.75 per cent. The drop of potential from no load to full 
load is between 2 per cent, and 2.3 per cent. 

In conclusion, I wish to express my thanks to Mr. Wil- 
son, of King's College; this gentleman carried out the 
experiments under my direction, and made nearly all the 
Qomerical calculations and drew most of the curves for me. 
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THEORY OP THE ALTERNATE CURRENT 

DYNAMO. 

According to the accepted theory of the alternate current 
dynamo^ the equation of electric current in the armature 
IB yy + Ry = periodic function of t, where y is s, constant 
coefficient of self induction. This equation is not strictly 
true, inasmuch aa y is not in general constant,* but it is a 
most useful approximation. My present purpose is to in- 
dicate how the values of y and of the periodic function 
riBpresenting the electromotive force can be calculated in a 
machine of given configuration. 

To fix ideas, we will suppose the machine considered to 
have its magnet cores arranged parallel to the axis of rota- 
tion, that the cores are of uniform section, also that the 
armature bobbins have iron cores, so that we regard all the 
lines of induction as passing either through an armature 
coil or else between adjacent poles entirely outside the 
armature. The sketch, Fig. 75, shows a development of 
the machine considered. The iron is supposed to be so 
arranged that the currents induced therein may be neg- 
lected. We further suppose for simplicity that the line 
integral of magnetic force within the armature core may 
be neglected. 

* See chapter on the '* Theory of Alternating Currents" in this volume. 
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Let^, be the effective areaof the space between the polfli 
piece and armature core when the cores are in lino, /, th^ 
distance from iron to iron. 

Let A^ be the section of magnet core, l^ the effectivi 
length of a pair of magnet limbs, so tliat I, may be r 




garded as the length of the lines of force as measured from 
one pole face to the next. 

Let m be the number of convolutions in a pair of magnefl 
limbs, and 

n the convolutions in one armature section; 

rthe periodic time. 

The time is measured from an epoch when the armatnrt 
coil we shall consider is in a symmetrical position in a fieW 
which we shall regard as positive. 

X and 1/ are the currents in the maguet and armatuif 
coila, the positive direction being that which produces tin' 
positive field at time zero. 

At time t the armature coil considered has area A/, 
b, + 6, cos (3 n- t/T) + ft, cos (4 jr t/T) + etc. 
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in a positive field; and area -4/', 

= 6,-6, COB (2 n t/T) + 6, cos (4 n t/T) - etc., 
in a negative field, where 

*. + *! + *.+ ... = ^., 
and 

*a — fti + ft, + . • • = 0. 

The coefficients 6, , S, , etc., are deducible by Fourier's 
theorem from a drawing of the machine under considera- 
tion. 

Let /be the total induction in the magnet core, and let, 
at time ^, /be distributed into /' through A/, /" through 
-4/' and /'" as a waste field to the neighboring poles. 

The line integral of magnetic force from the pole to 
either adjacent pole is /'"/*> where A; is a constant. 

We have first to determine /', /", /'", in terms of x 
and y. 

Take the line integral of magnetic force in three ways 
through the magnets, and respectively through area -4/, 
through area -4/', and across between the adjacent poles^- 

/ /\ /" 



'>-^(^) + T- = *^^^^' 
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whence 



3/, 



. 4 T ?j y. 



When t, X and _'/ are given, this would suffice to determiael 
/ by means of the known properties of the materinl of the J 
magnets as represented by the function/. We will, how-j 
ever, consider two extreme caaea between which other cae 
will lie. 

First. Suppose that the intensity of induction in thflj 
magnet cores is small, so that l^f {I/AJ may be neglecte 
the ir«Hi being very far from saturation. We have 

/' - /" = |f-;»' (■'1,' - -i,")* + »■ (A' + A") a) 



We see that the coefficient of self induction y in general 
contains terms in cos {4 t t/T). 
Second. In actual work it would Ije nearer the truth to 
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suppose that the magnetizing current x is so great that the 
induction /may be regarded as constant, and the quantity 
l^f(l/A^ as considerable. But as small changes in / 
imply very great changes in l^f{I/A^), 'its value cannot be 
regarded as known. We have then 






'A,' A/ + A/' + 2kl, 



\I '-jj--'—.i7tmt/j + 4:7rmy, 



21.^ ''' 



A/' A/ + A/' + 2kl. 



(A' — A'' \ 



whence 



T' — 7"" — (^1 "• -^1 ) -^ 

^A/A," + 2kl,{A/ + An iJtn y 
■'" A,' + A," + 2kl, ' 21, ' 
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For illustration, consider the simplest possible case: let 
h^ = h^ = \A^ , and S, = ftj = . . . = 0, and let 2 A Z^ be 
negligible; we have 

r -V' = /cos -^- + A, sin* -^ . -^y 
and the equation of current will be 

instead of the simple and familiar linear equation. 
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THE ELECTRIC LIGHTHOUSES- OF MACQUARIE 

AND OF TINO. 

The subject of the use of the electric light in light- 
houses was fully discussed at the Institution in 1879, when 
papers by Sir James Douglass, M. Inst. C.E., and by Mr. 
James T. Chance, Asso. Inst. C.E., were read.* 

The subject has been further elaborately examined by 
Mr. E. Allard,t and more recently in practical experi- 
ments made at the South Foreland, exhaustively reported 
on by a committee of the Trinity House.J The justifica- 
tion of the present communication is that" at the light- 
houses of Macquarie and of Tino, the optical apparatus is on 
a larger scale than has hitherto been used for the electric 
arc in .lighthouses, and presents certain novel features in 
the details of construction. Further, as regards the elec- 
trical apparatus, tests were made upon the machinery for 
Macquarie when it was in the hands of Messrs. Chance 
Brothers & Company, which still possess some value, 
although five years old; and, in the case of Tino, the 
machines are practically worked together in a manner 
not previously used otherwise than by way of experiment. 

♦Minutes of Proceedings of the Inst. C.E.^ vol. lvii., pp. 77 and 168. 
t " Mdmoire sur les Phares filectriques," 1881. 

t " Beport into the relative merits of Electricity, Gas, and OU as Lighthouse 
IlluminantB." Parts I and 9, PP. 1885. 
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In the case of both lighthonaes, MesBra. Chance BrothexB . 
& Compa,ny, of Birniiiigham, entered into a contract for " 
the supply of all tlie apparatus required, including engines, 
machinea, conductors, lamps, optical apparatus, and lan- 
terns; and Sir James Dooglaes, engineer-in -chief of the 
Trinity House, acted as inspecting engineer to the respec- 
tive colonial and foreign govemmenta. 

Ab these two lighthouses present many features in cora- 
inon, it may be most convenient to give a full description 
of the earlier lighthouse, and then limit the description of 
Tino to those points in which it differs from Macquarie. 



MACQ0AitIE. 

This lighthouse is situated on South Head, near Sydney, 
the precise position being shown in a copy from the 
chart. Fig. 7C. A lighthouse was first placed at this im- 
portant landfall in 1817, The focal plane is 346 feet 
above the sea, and the distance of the sea horizon is there- 
fore 21.fi nautical miles, and the range about 37 nautical 
miles for an observer 1 5 feet above the sea. 

Optical Apparatus. — The light is a revolving one, giv- 
ing a single flash of eight seconda' duration every minute. 
On account of the considerable altitude of the lighthouse, 
it was necessary to secure that a snbstantial quantity of 
light should be directed to the nearer sea; but it was also 
essential, on account of the exceptional power of the ap- 
paratns, that this dipping light should only be a small 
fraction of that sent to the horizon, otherwise its effect 
TFould be escessively dazzling. Many years ftgo Mr, 
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James T. Chance urged that it was not wise to make nee 
of Teiy Bmall apparatoB for the electric arc, because a 

larger apparatus renders it possible for the optical engineer 
to effect with greater precision the diEtributiou of light 
which is most desirable, and because any trifling error 
which may occnr in the position of the electric arc has, 
with the larger apparatus, a lese marked effect on the light 
as seen from the sea. In the lighthonses of Souter Point, 
the Sooth Foreland, and the Lizard, the third order ap- 
paratus of oOO millimetre foCal length was adopted. 
Optically, the larger the apparatus used the better, but 
there might be some question whether, on purely optical 
grounds, the advantage of going beyond the third order is 
sufficient to justify the additional expense; hut in the case 
of a revolTing apparatus the third order is a very incon- 
venient size for the service of the lamp — it is too large to 
be conveniently served from the outside, and too small to 
admit tlie attendant within it with comfort. With the 
large currents, which are now easily obtained and are 
likely to be used in lighthouses, a first or second order 
apparatus has the further advantage that it is less liable to 
injury from particles thrown off from the heated carbons. 
In the case of Macquarie, it was decided to adopt an ap- 
paratus of the first order, 920 millimetre focal length ; it 
was further decided that the optical apparatus should pro- 
duce its condensing effect by means of a single agent — that 
is to say, the vertical straight prisms which were nsed in 
Souter Point and other revolving electric lighthouses 
should he dispensed with. The condensation and dis- 
tribntiou of light necessary may be -obtained by means of 
a single agent, with apparatus such as has been pro- 
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posed by Mr. Alan Brebner, Jr., Asso. M. Inst. C.E.;* 
but this construction is open to the objections that it 
is somewhat costly, and that it increases the length of 
the path of the rays through the glass, and consequent 
absorption. A practically better plan is to adopt forms 
not differing very greatly from those introduced by 
Fresnel; to specially arrange them for the purpose in 
hand, and to accept certain consequent minute deviations 
from a mathematically accurate solution for the sake of 
advantages of greater importance when all the actual con- 
ditions are taken into account. Fig. 77 shows the optical 
apparatus in vertical section: the upper and the lower 
totally reflecting prisms are, as is usual in revolving lights, 
forms of revolutions about a horizontal axis; they direct 
the light incident upon them to the horizon and the dis- 
tant sea from 10' above the horizon to 30' below; they are 
specially adjusted to distribute the light in azimuth over 
the arc of 3° necessary for a proper duration of flash. 

The refracting portion of the apparatus has the profile 
so calculated that the central lens and the three rings 
next to the lens above and below direct their light to the 
horizon without vertical divergence, except what is due to 
the size of the arc. The light for the nearer sea is obtained 
from the remaining ten lens segments, Nos. 5 to 9 in- 
clusive, above and below the centre, counting the centre as 
No. 1, the distribution being according to the following 
table, in which the first column gives the denomination of 
the elements of the lens in accordance with the numbers 
marked upon the section; the second, the angle between 

* Minutes of Proceedings of the Inst, C.E.^ vol. lxx., p. 386. 
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atop —10 a 30 60 

e '■ » JO M B 8 M 

T " —10 Z 37 30 

S " — W 1 30 

B " —10 10 

5 bottom.. , ./. -, ., ^- — 10 1 

■■ —10 1 SO 

7 " 1 SO 3 M 87 

9 " B U 41 7 « n 

the direction of the sea horizon and the ray emerging from 1 
the upper limit of the element; the third, the angle be- 
tween the direction of the sea horizon and the ray from 
the lower limit of the element, the negative sign denoting * 
that the emerging ray is above the horizon. This practice 
of appropriating certain elementa of the apparatus to dif- 
ferent distances on the sea was first introduced by Mr, 
James T. Chance, in the lights of the South Foreland ex- 
hibited in January, 1873. 

The ray, dipping at an angle of 7° 46' 57' below the | 
horizon, will strike the sea at i mile, while D° 8' 53' oor- 4 
responds to J mile, 2° 37' 30' to 1^ mile, 1° 30' to 2 mileB, \ 
1° to 3| miles, and 30' to about 4 miles. Thus the direct 1 
light begins at about i mile from the lighthouse. From i 
mile to J mile the sea receives light from oue element of 
the apparatus, from i to IJ mile from two elements, from 
li mile to 2 miles from three elements, from 2 to 2^ miles ' 
from four elements, and beyond 2^ miles from, six 
elements; the upper and lower totally reflecting prisms 
come in aid at about 5 miles. The main power of the ap- 
paratus is hardly attained till a distance of 8 or 10 miles. 
Fig. 78 is a sectional plan of the apparatus by a horizontal J 
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BtmctioDfi of frame, FigB. 83 and 83, the equivalent of these 
ring segments A and B would intercept about double as 
maeh light as in this new construction. 








Mechanism for Rotation. — The pedestal is similar to 
those designed by Sir James Douglass to permit the light 
keeper to obtain access from below to the interior of the 
apparatus without in any way interfering with its rotation. 
The clockwork is fijted with the governor, and maintain- 
ing power used by Messrs. Chance Brothers & Company 
for the last twelve years. The roller ring may be men- 
tioned as of an improved type, for although it has been 
ased for some years in all Messrs. Chance's lights, it has 
not been described before. The rollers and roller paths 
■which carry the whole weight of the optical apparatus 
have long been made conical, so that the surfaces roll 
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npoti esch other viiboat twilling. There is ennseqaentl 
a Terj coo^iilerabk ntdiul furue uu each roUer teodtiig f 
force it ontwanls; the reaction again^ thie tone caoseafl 
Terr important port of the totul fricdonal resistuice. 
84 shows a portion of the roller ring and one of the co 
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rollers, according to the old construction; Figs. S5, 86, ac- 
cording to the improved conatrnction ; in the former it 
will be obgerved that the thrcst of the roller is received on 
a collar; in the latter, on the eiid of a pin. The reduction 
of friction ia practically very congiilerable, and although of 
small importance in a Hlow-moviiig apparatus like Mac- 
quarie, is of great importance in heavier aiid quicker ap> 
paratus; for example, the triple flashing light at Bi^ 
Point, in Devonshire. 

iflfnp*.— These are of the Serrin type, and were snppUej 
by Baron De Meritens. 

Lamp Talile. — The arraDgeraenta for rapidly changiiu 
electric lamps, and for substituting gas or oil when c 
sired, are shown in Figs, 87, 83, 8!), and 90. 

The intention was to use a gas lamp in clear weathol 
and half power or full power electric light in thiol 
weather, according to the opacity of the atmosphere; bia 
Che aatboT nnderstanda thai in \iTiicti.fte the electric mo j 
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always nsed. The paraffia oil lamp ib intondcd as a re- 
source in case of failure of the supply of gas. 




Focussing the Arc. — Two approximately rectangular 
prisms are fixed upon the mirror frame at afcou.'t. ^Q" fesva. 
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each other, tlie longer face of each is piano, the other two J 
faces convex, of euch ourvatore as to form a good iiQEiga | 
of the arc upon the eervice table, as showu in Fig. 91. ' 



During daylight, a pointed sight or focimeter is placed at J 
the position of the image formed by the lens of an object 4 
on the horizon; this then is the position which the aroJ 
sbonld occupy. A sight le next taken over the focimet^i 
into one of the adjusting prisms, and a bright object Buch I 
as a threepenny piece placed on the service table, ia movedil 
about until itg centre ia seen in the ])rism, exactly upon | 
the point of the focimeter; a mark ia made in the then \ 
position of the object. When the are is correctly adjusted, 
its image on the service table will be at the point where i 
the mark is made. Two prisms are used in order to secnre | 
that the arc shall be in the centre of the apparatus as well 
as at the correct level. 

Lantern. — The lantern is of the well known Donglasa^ 
type.* 
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DynamO'Electric Machines^ — Two alternate current ma- 
chines, with permanent magnets manufactured by De 
Meritens, were supplied. Each machine has five rings in 
its armature, and in each ring there are sixteen segments. 
In supplying one arc for a lighthouse the machine runs 
about 830 revolutions per minute, and gives a current of 
55 amperes when half the coils are used, and of 110 when 
the whole of the machine is in action, the internal resist- 
ance in the two cases being 0.062 and 0.031 ohm. It is 
unnecessary to give a description of the machine as its 
general construction and dimensions are well known, but 
some numerical details are given below. 

Engines. — Each machine is driven by an 8 h. p. Crossley 
gas engine through a belt without countershafting. 

Tests. — Whilst the dynamo machines were at the works 
of Messrs. Chance Brothers & Company, a series of ex- 
periments was made in March, 1881, to determine their 
properties. The time is long passed when it would be 
profitable to give the details of these experiments, but the 
general conclusions drawn at the time are still interesting. 
When the external resistance was a metallic conductor 
with small self induction, it was found that with varying 
resistance and speed the currents observed agreed fairly 

A 

well with calculation from the formula 



/iij' + ( 



27t y 



9 He 



in which R is the total resistance of the circuit, y the self 
induction, and T the periodic time. When the machine 

< Lectures on the " Practical Application of Electricity."" Session 1883-63, 
Paper on " Some Points in Electric Lighting/' reprinted in this volume. 
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was running 8))0 revolutions per minute A ~ &~ volts and 



T ; 



= 0.197 ill cilim M|iuin'(l, hence y = GA x W 



centimetrea. Th.e eighty sections of the machine i 
arranged four in series, twenty parallel. For a. single sec- I 
tion the value of y would be 31i X 10' centimetrea. The | 
masimum induction in the core, which has an area of 5 \ 
square centimetres, is 24,fiOU or 4,i)30 per square centi- ' 
metre. The loss of power was greater when the machine 
was doing little or no external work than when that work 
waa great. This is clearly seen in the following table: — 

CurreM ampAreB T.TO 73,00 

Elwitrical work h. p 09 BM 

Mechanical work spiiUed 8.09 B.6B 

Loss , 3.40 0.89 

Photometric experiments were made upon the arc, and i 
simultaneous ineasurements of effective power applied and 
of current passing. The red light was measured through 
bright copper ruby glass, and the blue through a solution 
■ of sulphate of copper and ammonia. The h. p. was meas- 
ured by a trananiission dynamometer; but the results must ] 
be accepted with some reserve, on account of the difficulty I 
of ascertaining the mean tension m a strap which is con- 
stantly varying. The oscillations of the dyiiamometer-J 
were damped by a dashpot containing tar. 

ilBlf Power. Full Power. 



Current (atnpSns) ; 

Mechanical power applied (h. p.) 

Power eipeiided in Leftting conducting wires {h. p.) 
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The results illustrate the fact that, as the current in- 
creases, the total light increases in a higher ratio, red 
light in a slightly higher ratio, and blue in a considerably 
higher. 

The machinery for this lighthouse was sent out to New 
South Wales in November, 1881, and was put up and 
started under the superintendence of Mr. J. Barnett, the 
architect of the colony, to whom is mainly due the success 
of the whole from the first start. The glare of the light 
upon the sky is said to have been seen at a distance of 
over 60 miles, far beyond the distance at which it would 
cease to be directly visible. The only criticism from 
mariners has been that when somewhat near the light- 
house the flashes are so bright as to dazzle the eye. This 
is an excellent proof of the power of the light, as a much 
smaller proportion of the light is directed upon the nearer 
sea than in any previous lighthouse. The lesson is that 
with powerful electric lighthouses almost all the light 
should, in ordinary weather at least, be directed to the 
horizon, and that the quantity thrown upon the nearer sea 
must be strictly limited. This is only possible when the 
focal length of the apparatus is large. 



TING. 

This station is on a small island at the mouth of the 
Gulf of Spezia. Fig. 92 is copied from the chart of the 
neighborhood. The focus is 386 feet above sea level. The 
distance of the sea horizon is 22.7 nautical miles, and 
the range practically 28 miles. The conditions, therefore, 
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were Tery eimilar to those of Macqnarie, with the excep 
lion that it wag required to throw eome light down inlA 
the channel between Palmaritt &aA Tino. The lighthooaBi 
itself presents some interesting historical features. Thj( 
buildings were originally a place of defence against thc) 
piratfg who occasionally made descents upon the coas^ 
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Ltmt I 
been 



Fia, M.-<Scale. 23 miles = 1 



Subsequently a coal fire lighthouse was established, and 
the spring of 1885 part of the stock of hgnite was stij 
found to be in some of the buildings, where it had beei 
lying for fifty years. In 1830 a dioptric light waa estab 
iished, one of the earliest of Fresnel's types, the lens rinj 
being replaced by short straight prisms, which formed tq 
a bad apprnsimation, and conld be ground withi 
out special machinery. The present electric lighthouse hat 
been in contemplation for several years. 
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Optical Apparatus. — The distinctive character of the 
light is a triple flash every half minute. The apparatus for 
producing this effect is of the general form introduced by 
the author in 1874. In October of that year he issued a 
pamphlet pointing out the several advantages of group 
flashing lights, showing for the first time a simple dioptric 
apparatus suitable to their production, and also pointing 
out how easy it is to give the group flashing effect with 
catoptric apparatus. Since that time a large number of 
dioptric group flashing lights have been made by Messrs. 
Chance Brothers & Company, and some also in France, 
and- Mr. AUard has incorporated group flashing lights in 
the system of distinctions he recommends; also a consider- 
able proportion of the light vessels on the English coasts 
iiave been converted into group flashing lights of the 
cjatoptric system. On the ground of economy the second 
order apparatus of 700 millimetre focus was adopted in the 
C3ase of Tino. It is just large enough for tolerably con- 
venient service of the lamp by an attendant entering with- 
in the apparatus. The apparatus, shown in vertical 
section in Fig. 93, and in horizontal section through the 
focus in Fig. 94, has twenty-four sides, eight groups of 
three; one group of three is shown in elevation in Fig. 95. 
The horizontal divergence is obtained in exactly the same 
way as at Macquarie, excepting that no mirror is used. 
The metal framework, however, approximates to the 
ordinary type, as the type used at Macquarie would have 
been costly when applied to a triple flash light. The dis- 
tribution of light vertically is as follows : upper and lower 
prisms, and the central lens, with the two lens rings next 
adjoining it, all to the horizon and most distant sea. The 
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lens and lens rings direct their rays according to the fol- 
lowing table, which is arranged in exactly the same way as 
the table already given for Macquarie ; — 

I. II, HL 



// o / // 



7top 81 35 3 16 

6 " .. 2 

5 " .. 1 30 

4 ** .. 10 

4 bottom .. 45 

5 ** . .. 30 

6 " .. 30 

7 *' all to the hoiizon. 

No. 7 bottom was directed wholly to the horizon, in 
order to avoid the horizontal bar of the lantern. It will 
be observed that the quantity of light thrown npon the 
nearer sea is much less in the case of Tino than in that of 
Macquarie, and that greater reliance is placed upon the 
accuracy with which the arc can be kept in focus; ex- 
perience has justified these changes, as improvements of a 
perfectly safe nature. 

A small part of each flash is bent downwards and dis- 
tributed over the channel between Tino and Palmaria, by 
means of subsidiary prisms fixed upon the lantern, shown 
at X, Fig. 93. These subsidiary prisms are really super- 
fluous, as the scattered light from the beams overhead is 
found to be as effective at this short distance. Fig. 90 
shows the plan of lamp shunting table and service table. 

Engines. — As there is no water upon the island, the 
practice of the Trinity House was followed, and two of 
the Brown hot air engines were supplied, each driving 
through a countershaft one of the machines. The 
countershafts could be connected by means of a Mather 
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'and Piatt friction conpling, so that the two machines 

' could be driven together, or either machine from either 

engine. Drawings of the Brown engines are given in Sir 




DoagIaB8*s Paper.* The accompanying indicator I 
diagrams Figs. 9? and 98 were taken from the comprcBsing 
and working cylinders. Whilst these diagrams were taken, 
the effective power developed was measured by a friction 
braJte on the driving pulley, and was fonnd to be 9.1 h. p. 
Thus of 33.1 h. p. indicated in the working cylinder, 17.7 
h. p. is employed in compressing the air, 6,3 h. p. is wasted 
in friction in various parts of the machine, and only 9.1 
h. p. is effective npon the brake. The engines conaamB 
about 4 lbs. of coke per effective h. p. per hour. In future 
lighthouses, when a steam engine cannot ho employed, it 
would he preferable on every ground to use gas engines, 
and manufacture on the spot either Dowson ^i& or 
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ordinary gas, according to the character of the fuel avail- 
able. 

Dynamo Machines. — There are two machines of exactly 




Fio. 97.— (Compressor- pump cylinder, ^ inches in diameter. Stroke, 23 inches. 
Indicated H. P., 17.7. 




Fio. 98.— Working cylinder, 3i inches in diameter. Stroke, 20 inches. Indicated 
H. P., 83.1. Revolutions per minute, 64. Power on brake of fly-wheel, 9. 12 H.P. 
Pressure in reservoir, 19 to 24 lbs. 

the same type as those supplied for Macquarie, the only 
.novelty lying in the method of using them. In 1868 Mr. 
Wilde discovered, by experiment, that two alternate 
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current dynaraog, independently driseu at the same speed, |^ 
wonld, if electrically connected, so control each other'aJ 
motions that they would add their currents. The authorl 
Gubaequently arrived at the same coiichigion independeiitly, 1 
on theoretical grounds, and gave a thorough explanation of I 
the fact.* The result has been put to a practical applica- J 
tion at Tino. The machines are connected to a eingle 1 
switchboard, so that each half of the two machines can at I 
pleasure be connected to, or disconnected from, the maia I 
conductors. Thus a current can be supplied from either J 
machine at half power, 55 amperes, or full power, 110 1 
amperes, or from the two machines of double power, or j 
about 200 ampf-res. Further, a change can be made with- j 
out extinction of the light from one dynamo and engine to I 
the other. Thus, suppose one machine is working full I 
power, clutch the couiiterahufts gradually together, so i 
starting the second engine; throw on the baud of the! 
second machine, cut out half the first machine, and con- i 
nect half the second machine at the switchboard; the tvo J 
machines at once synchronize, without affecting the light. I 
Disconnect the remaining half of the first machine, andl 
connect the remaining half of the second, unclutch the! 
countershafts, and stop the first engine. One man. can 1 
effect the change, with no more disturbance of the light I 
than a change from full to half power for about onel 
second. A further conclusion, deduced from theoretical f 
considerations, was that of two alternate current machines 



■ L«ctDre> an the "Prnctlcsl Appllcaiions ot EJectricity." Sesaiou lSBS-89. J 
Paper aQ'-Sonie Poliitg in Electric Ll^htinR." repiinled In (liiB lolume. Bfl 
t .J)l*. John HopklDBOtl. Aod Journal of fAe Sucicfp o/IVlrifnipli SiikIihwibi 
~ Sb'ifmiii, Tol. xm., p. 496. 
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of equal potential, one could be used as a generator of 
electricity, the other as a motor converting the current 
generated back into mechanical power. It was found 
impossible to verify this conclusion with such intermittent 
driving as that of a hot air engine. But Professor W. G. 
Adams effected the verification without difficulty at the 
South Foreland, the motive power being steam. 

Lamps. — These are the improved Serrin of Mr. Berjot. 
One of the three lamps supplied is of larger size, for the 
double power current from the two machines. This lamp 
was said to be suitable for a still greater current, but with 
about 200 ampdres it soon became dangerously heated ; a 
simple modification rendered the lamp equal to the actual 
work it had to do. It is, however, probable that for the 
occasional circumstances when it is necessary to use so 
great a current as 200 amperes in a lighthouse, a lamp 
worked partly by hand would be preferable to a regulator 
entirely automatic. 

The apparatus was delivered in November, 1884, and 
was put up by workmen from Messrs. Chance's 'workshops, 
under the supervision of Mr. L. Luiggi, of Genoa, to whose 
ability and energy the complete success of the lighthouse 
is largely due. A complete test of the performance of the 
light, as seen from the sea in all grades of its power, was 
made in April, 1885, by a commission, consisting of Profes- 
sor Garibaldi, of Genoa; Mr. Giaccone, engineer-in-chief 
for Italian lighthouses; Captain Sartoris, and Mr. Luiggi, 
the author attending on behalf of Messrs. Chance. The 
light was well observed through rain, when distant 32 
nautical miles, and although below the horizon, the posi- 
tion was precisely localized, and the triple flash distinction 
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nnroiEtobible. At 18 miles distant the Elimination of the I 
flash npon white paper waa anfiScient to make ont lettns ] 
marked in pencil li inch high, and when 14 mfles distant I 
it was easy to a^^rtain the time from a watch. The light I 
is frequently seen at a distance of 50 mUes, near U> Genoa. | 

A reriew of work which has been carried out natarallT 1 
Bu^ests many qneations as to what conclusions experience \ 
has established, and what indicationa it gives of the prob- J 
able direction for fntnre deTelopments. In the use of . 
electric light in lighthoases, there are many questions 
npon which there is wide difference of opinion, qnestioos 
both as to when and where electric light should be j 
adopted, and qnestions as to the best way of employing it. i 
It may not be unprofitable to allude to some of them. 
Althoagh English engineers are now well agreed that a ' 
large optical apparatus should be used for the electric 
light, this opinion is not universally accepted. The I 
advantages of a large apparatus hare already been men- i 
tioned. To balance them, there is nothing on the other | 
side but the less prime cost of the smaller apparatus^ I 
Although the difference of cost appears considerable when | 
attention is confined to the optical apparatus, it is an- 1 
important when the whole outlay on the lighthouse is 1 
brought into accotint. Cases are, however, conceivable in I 
which a small optical apparatus such as a fourth order, I 
having a focal distance of 250 millimetres, would be prop- I 
eriy preferred; such, for example, as a harbor light which ] 
could be supplied with current from machinery also used J 
for other purposes, but such oaaos are likely to be excep- J 
tiooaL J 
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When a flame from oil or gas is the source of light, there 
is of necessity a considerable divergence vertically; and the 
distribution of the light through the angle of vertical 
divergence is not at disposal, except to a very limited 
extent in some cases, but is determined by the size and 
character of the flame. With the electric arc and a large 
optical apparatus it can be determined in considerable 
measure how the light shall be distributed — how much 
shall be sent to the distant sea, how much to the various 
distances between the foot of the tower and a distance 
of some miles. It becomes then a question what use is to 
be made of this facility. The experience at Macquarie 
and at Tino is emphatic, that it is in every way advantage- 
ous to direct much the greater part of the light to the 
horizon with a very small divergence, and to distribute the 
comparatively small remainder over the nearer sea with in- 
tensity increasing with the distance. 

A question allied to the last is this : Whether it be de- 
sirable to provide means of directing the strongest light 
downwards on to the nearer sea in time of fog? The 
answer must depend upon the circumstances of the par- 
ticular locality. Take the case of a lighthouse on an 
isolated rock, the purpose of which is primarily to be a 
beacon to keep ships off that rock; a lighthouse which 
would not exist were it not more practical or cheaper to 
build and maintain the lighthouse rather than remove the 
rock. Here surely it is of the greatest use to provide 
means whereby, if the light cannot penetrate 2 miles, it 
shall if possible be visible at 1 mile. But other cases 
occur in which the lighthouse has to cover a long length 
of coast, and has almost as much to do with points of the 
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BOBst 10 miles dlBtant as with the point apon which it i 
placed, cases in which the lighthouse is far more useftil i 
guiding the regular traffic passiug within a radius of S 
miles or more than in preventing vessels running ashoil 
within a mile of the tower. Such a light fails of i 
pose if it can only be seen at a distance of a mile, coveriiy 
loas than -fi-^ part of its normal area of illumination; 
becomes comparatively useless unless it penetrates i 
something like its normal range, and its efBciency must 1) 
measured by the fewness of the occasions when it fails i 
do this. It is a grave question whether it be prudent J 
such oaaes to place upon the light keeper the responsibili 
of judging when the light should be dipped on 
nearer aea, the fact being that, if his judgment ( 
may actually diminish the range of the light, and cant 
unnecBssarily the lighthouse to fail of fulfilling Its mti 
important function. It ia easy for him to be misled if tqj 
fog is local and does not extend to any great distance t 
the lighthouse. Another element enters into the ■ 
sideration — the height above the sea. If the focus he KXT" 
feet above the sea level, the dip of the sea horizon is 9' 
45", and a raj dipping 9' 45" below the sea horizon will 
meet the sea at a distance of 3.1 nautical miles from the 
tower. Even with a firet order apparatus, if the arc he a 
powerful one, it is very difficult to render the light 
directed to the horizon from an elevation of 100 feet mori: 
powerful than that directed to a point distant 4 miles frrini 
the tower. Unavoidable divergence will render the tw 
intensities practically equal. 

Passing to questions of another class, what a 
tiTe advantages in an electric lighthouse of continuous a 
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alternating currents? Present practice tends altogether 
in favor of alternate currents, but this practice largely 
results from unfavorable experience of the older continu- 
ous current machines. These machines have in many 
respects been greatly improved in the last two or three 
years. The continuous current presents the advantage of 
greater economy of power in producing the current, less 
floor space required by the machine, and a smaller prime 
cost. The alternate current magneto machine, on the 
other hand, has the advantage that it may be driven with 
a defectively governed prime mover, with an indifferent 
lamp, and may suffer neglect with impunity; whereas the 
more compact and efficient continuous current machine 
would be in serious peril of destruction. Optical apparatus 
can be constructed suitable to make the most of either 
form of arc. Hot air engines have found favor for electric 
lighthouses, because in many cases there is no available 
supply of fresh water. The engines of which the author 
has experience are open to the objection that they take a 
great deal of room, are not economical of fuel, and do not 
govern so quickly as is desirable; the wear and tear also, 
when they are worked to anything like their full power, is 
very serious. A gas engine, with Dowson or other gas 
made on the spot, could be used with greater advantage. 

Antecedent to all considerations as to the best apparatus 
and machinery to be used is the question under what cir- 
cumstances, if at all, should electric light be used in a 
lighthouse ? The Trinity House experiments at the South 
Foreland showed to demonstration that, where the issue to 
DC decided was how to produce a light which should be ca- 
pable of penetrating the furthest in all weathers, electric 



S44 DYNAMO MACHINKKT AND ALLIED PUBJECTS. | 

li£^t could do that which could be done in no other way, J 
k aad that it was the cheapest light of all when the price is 1 
I eafiusted per unit of light. But the conclusion was also I 
xeaohed that an electric light must inevitably co»t a large 1 
mm, both in first outlay and in maintenance; therefore 
that electric light is extravagant unless very extraordinary 
power is a necessity. This conclnsion is doubtless a fair 
consequence of experience, but it is not an inherent prop- J 
erty of electric light. Both the capital outlay and the cost I 
of maintenance are greatly increased by the practice of bo | 
arranging the machinery as to provide, at all times, a light 
of very great power: whence it follows that the machinery 
must be placed at some distance from the lantern, and two 
men must always be on duty; one man in the lantern, and J 
another with the machinery. 

The essentials for a cheap electric lighthouBe are, that I 
for ordinary states of the atmosphere there shall be pro- 1 
vided a plant under the easy control of the light keeper j 
himself, which shall be precisely adapted to produce that;] 
amount of light which is wanted in ordinary states of thai 
atmosphere; but for thick weather there sliall be providedj 
a much more powerful engine and dynamo, available alea 
as a reserve in case the smaller machinery from any canstffl 
breaks down. The occasional machinery may be morel 
remote from the lantern, as it is a small matter to requiraV 
a second man to work on the comparatively rare occaaionafl 
when the maximum power is needed. A small gaa engine! 
and a dynamo machine can be placed without any crowd- ^ 
ing in the room immediately below the lantern, and arrange-^ 
ments can be made whereby the light keeper, whether he.l 
ia in the lantern or in the engine room, can ascertain at aJ 
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glance whether the arc is in its proper position, with an 
error of less than 1 millimetre. The attendance on the 
lamp, rotating apparatus of the lens (if a revolving light), 
engine and dynamo, would be easy when the whole is 
brought together so as to be under observation at once; in 
fact the gas engine, dynamo, and lamp constitute together 
a gas burner which, though consisting of many parts, is 
automatic throughout, and requires nothing but the con- 
stant presence of a custodian, exactly as the gas lamp in a 
lighthouse requires a custodian as a guarantee against fail- 
ure. The same end, viz., the concentration of the whole 
mechanical and electrical apparatus under one pair of eyes, 
could be attained, of course, in other ways. Accumulators 
could be used, or a petroleum enginCp 

In order to give definiteness and afford facilities for 
criticism, the better course will be to describe a suitable 
machinery; state what it will do, what attendance it will 
require, and what it will cost. The author proposes, then, 
for an electric lighthouse where small outlay is essential, 
the following : A Dowson gas producing apparatus and gas 
holder, the generator and superheater being in duplicate, 
each capable of making 1,200 feet of gas per hour, the gas 
holder having a capacity of 3,000 cubic feet. 

An 8 h. p. nominal Otto gas engine and series wound 
dynamo machine, placed in a room near the base of the 
tower, and copper conductors to the lantern, the dynamo 
having magnet coils, divided into sections so as to supply a 
small current when required. 

A 1 h. p. nominal Otto gas engine and dynamo machine, 
placed in the room immediately beneath the lantern floor, 
with gas pipe from the gas holder; three electric lamps, to 
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receive either carbons 25 millimetres in diameter or any 
lesser size, with complete adjustmeuts for accurate focns- 
aiog^ one paraHin lamp as a substitute; au optical appara- 
tus of the second order of ?0 centimetre focal distance. 
The cost of this apparatus would depend upon the charac- 
ter of the light it was intended to exhibit. To fix ideas, 
let it be assumed that the light is to be a half minute 
revolving light, showing all rouud the lighthouse. There 
could then be supplied a sixteen aided apparatus with ped- 
estal and revolving machiuery. Provision would be made 
in the optical apparatus for giving the horizontal and ver- 
tical divergence desired by the same methods successfully 
used in the lighthouses of Macquarie and of Tino. 

Two focussing prisms would be fixed to form magnified 
Images of the arc, on pieces of obscured glass let into the 
pedestal floor, so that the keeper, whether in the lantern or 
in the engine room, could see at a glance the state of the 
arc, aud observe whether it is of proper length with the 
carbons iii line, whether it is exactly at tlie right height 
and in tlie centre of the apparatus. An error of 1 millim- 
etre wonld be glaringly apparent, and call for immediate 
adjustment, although its effect would be only a displace- 
ment of the beam 5' of angle. 

The lantern would be 10 feet diameter, with bent plate 
glass. 

The cost of the whole above described would be materi- 
ally less than the coat of a first order light and lantern 
with oil lamp and large burners. 

Now what result would be obtained ? In fine weather 
the sn'all engine would be used. Its effective power on 

I brake is fully li h. p.; from this IJ b. p. the dynamo 
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machine produces considerably over 800 watts, say 800 
watts in the arc itself, or 20 amperes through a fairly long 
arc of 40 volts. Of course the value of this in candles de- 
pends upon the color in which it is measured, and the 
direction in relation to the axis of the carbons. In red 
light the mean over the sphere would certainly exceed 
1,200 candles. In clear weather or in slight haze or rain, 
the beam of this light through the lenses would be much 
more powerful at the horizon and on the more distant sea 
than any single focus light with oil or gas as the illumi- 
nant, and would at least be fairly comparable with any- 
thing yet exhibited with oil or gas whether triform or 
quadriform. But on the nearer sea the illumination 
would be reduced, so that no annoyance would be caused 
by dazzling flashes. In thick weather or indeed in any 
weather when there was a doubt as to the visibility at the 
horizon of the lower power, the large engine would be 
used under the superintendence of the second keeper. 
This engine will give 10 h. p. on the brake, and there is no 
difficulty in obtaining 85 per cent, of this as useful 
electrical energy outside the machine, that is, 6,340 watts. 
From this deduct 10 per cent, for the leads and the lamp 
and for steadying the arc, leaving 5,710 watts in the arc 
itself, or 114 amperes, with a difference of potential of CO 
volts. Having regard to the fact that the optical appa- 
ratus liere proposed acts upon a larger portion of the 
sphere than that used in the South Foreland experiments, 
that the vertical divergence is less, and that the potential 
difference is greater and the current continuous, although 
less in quantity, it may safely be assumed that the power of 
-the resulting beam would not be inferior. It hence follows, 
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from the Soath Foreland experiments, tb»t in any fog tl 
flashes would penetrate farther than thoee of &nj existii 
gusoroil light. The increased size of crater, compared 
with that produced bv the current of 20 amperes, will give 
increased Tertical diTergence. and so canae the maximnni 
illumination to be attained at a less distance from the 
lighthoQse. The attendance of two men woald suffice for 
all the duties of the lighthouse, because under ordinary- 
circumstances one man only need be on duty exeeptlng for 
two to three hours while gas is being made. The con- 
sumption of coal would he 4 lbs. per hour of lighting, of 
water about J gallon, of carbons about 4 inches. The 
whole cost of maintaining the light would differ little from 
that of an ordinary oil light of the first order. 

Though it be the fact, that it is possible to exhibit an 
electric light at moderate cost, it does not follow that it is 
suitable for all ocean lights. There is no room in a rock 
lighthouse tower for a gas plant, and few would at present 
be prepared to recommend a petroleum engine hnmiog oil 
of a low flashing point. The light keeper again mnst 
understand a gas producer, a gas engine, a dynamo, and 
an arc lamp, instead of only a paraffin lamp and bumei; 
and arrangements must exist for repairing the more ex- 
tensive machinery. Such considerations will justly weigh 
against the use of the electric light in remote stations and 
in countries where the labor available is not capable ol 
much training. 

It may possibly be said that in this paper no definite 
[_ conclusions are reached as to whether electricity or some 
• agent is the best soutce ot ^^ \o. ^i^^ 
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generally, nor yet, if electricity be adopted, what is the 
best way of producing the light and optically dealing with 
it. The answer is that it is impossible on many points to 
arrive at general conclusions. Each case must be judged 
according to its special circumstances. 
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